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PEOPLE AND EVENTS 


COLLEGE AND UNIVERSITY NEWS 


California 


HELGE SHIPSTEAD, dairy technologist on the 
University of California Davis campus, retired 
from the staff in July after 13 years service to 
the University. 

Dr. Shipstead became associated with the 
University in 1946 after a cereer as a research 
chemist for a number of companies in the United 
States and Norway. He was director of research 
of the dry milk diyision of the Borden Co., Syra- 
cuse, N.Y., before joining the California staff. 

His research with the Department of Dairy 
Industry has mainly concerned the use of non- 
fat dry milk in bread. Shipstead has recently 
developed a new theory on the composition of 
protein fractions of wheat gluten and has shown 
that the casein fraction in high heat non-fat 
dry milk forms a stable association with the 
wheat gluten structure in bread dough. 

Shipstead attended the Institute of Technol- 
ogy in Berlin, Germany between 1911 and 1917. 
He reeeived his doctorate in chemical engineer- 
ing in 1917. 

He is a member of the American Chemical 
Society, the American Dairy Science Associa- 
tion, the Institute of Food Technologists, the 
American Association of Cereal Chemists, and 
the Society of Sigma Xi. As a result of his 
work, Dr. Shipstead, together with Prof. Peter 
Lolberg of Norway, has applied for Norwegian 
and American patents on method and appa- 
ratus for determination of total solids in milk 
and other fluid foods, which is both aceurate 
and labor-saving. Following his retirement, Dr. 
Shipstead plans to continue his research work 
on a consulting basis. 


Minnesota 


A new department of dairy industries has 
heen established on the St. Paul campus of the 
University of Minnesota. Up to now, dairy in- 
dustries research and teaching has been con- 
ducted within the Department of Dairy Hus- 
bandry. 

According to Harotp Macy, dean of the In- 
stitute of Agriculture, the new department will 
be made up of several staff members, research 
assistants and graduate students who were 
formerly in the department of dairy husbandry. 

The new department will be located in the 
dairy industries building recently completed on 
the St. Paul campus. It will be responsible for 
teaching, research and public service in dairy 
manufacturing and dairy bacteriology. 

After the move is made, the Department of 
Dairy Husbandry, headed by C. L. CoLe, will 
oceupy the first floor, basement and former 
creamery annex of Haecker hall, where both 
dairy industries and dairy husbandry research 
have been conducted in the past. With separate 





facilities now, Dean Maey says both departments 
will be able to more adequately develop their 
teaching and research programs. 


Montana 


Fart PEACE has been named a dairy extension 
specialist for the State of Montana. He re- 
places A. O. Jacops, who was appointed dis- 
trict supervisor for the Montana Extension 
Service. 

Mr. Peace received his B.S. degree in dairy 
production in 1949 and his M.S. in dairy pro- 
duction in 1953. Both degrees were earned at 
Montana State College. 

He became county agent-at-large in 1949, a 
position he held until becoming International 
Farm Youth Exchange delegate to Austria in 
1950. After returning from this assignment, 
he worked for the Montana Extension Service 
for a year until he began his graduate work. 
Sinee 1955 Mr. Peace has been county agent 
of Silver Bow County. 


Ohio 

Plans are moving forward for the 1959 Ohio 
State Fair. The Department of Dairy Tech- 
nology at Ohio State University will again 
handle the contests in Cottage Cheese, Swiss 
Cheese, and product judging. 

Official judges will be R. E. Harpeti, Mon- 
roe, Wis., Swiss cheese and J. M. JENSEN, East 
Lansing, Mich., Cottage cheese. The State Fair 
Dairy Project this year is administered by an 
industry-wide steering committee under the 
chairmanship of EArt POLLING, business man- 
ager of the Ohio ADA. Other members of the 
committee include Keira Bera, Ohio ADA; 
Frep GREINER, Ohio Dairy Products Associa- 
tion; Herpert Jounson, Ohio Milk Producers 
Federation; Emerson Mizer, Ohio State Fair 
Board; I. A. Goutp, Ohio State University; and 
RowLAND Bisuop, State Fair Board Manager, 
ex-officio. 


J. C. TraurMAN has been appointed assistant 
professor in Dairy Technology with major re- 
sponsibilities in the areas of ice cream and con- 
centrated milk. 

Dr. Trautman, a graduate of the University 
of Idaho, received his M.S. from the University 
of California and his Ph.D. from the University 
of Wisconsin. Before coming to Ohio State, Dr. 
Trautman was assistant professor in Dairy and 
Food Industries at Wisconsin. 


M. E. Grecory, a recent Ph.D. recipient from 


North Carolina State College, has been ap- 
pointed assistant professor in Dairy Technology 
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extension. He is a graduate of the University of 
Tennessee, 


Washington 


H. A. BenpDIxXEN, who received a Fulbright 
Award, will leave for Germany Sept. 1 to study 
educational methods employed in teaching dairy 
technology and vocational dairying in Europe. 
His headquarters will be Kiel. 

Dr. Bendixen plans to visit Seandinavian, 
Belgian, and French institutions as well as 
those in Germany. 

He will retire on Sept 16 after 32 years of 
service at Washington State College, Pullman. 
One of his many outstanding services to the 
dairy industry has been his direction of the 
Annual Institute of Dairying, organized at 
Washington State. 


Completed Theses 
Ph.D. Degree 


M. EK. Grecory—Mathematical techniques for 
evaluating labor utilization in dairy plant op- 
erations. North Carolina State College, Ra- 
leigh 

EK. A. ZurAw—Purifieation of stimulants from 
condensed corn fermentation solubles active 
for Lactobacillus casei in milk. North Caro- 
lina State College, Raleigh. 


M.S. Degree 


J. W. Brown, Jr.—A physico-chemical study 
of the effects ot heat on the stability of the 
proteins of milk. North Carolina State Col- 
lege, Raleigh. 

J. L. FLeEeGeER—The measurement of insulin- 

like aetivity of bovine blood. University of 

Delaware, Newark. 

. E. BeamM—Some observations on the applica- 
tion of automation to the in-place cleaning of 
dairy processing equipment. University of 
Massachusetts, Amherst. 

D. T. LipeN—The variability of producers’ but- 
terfat tests. University of Massachusetts, 
Amherst. 

A. M. Sommer—A comparison of the perform- 
ance of dairy cattle on continuously-grazed 
and strip-grazed pasture. Southern Illinois 
University, Carbondale. 

D. W. Netson—tUrinary excretion of estrogenic 
substances by the bovine during estrus and at 
different stages of gestation. Montana State 
College, Bozeman. 


BUSINESS AND INDUSTRY NEWS 
Beatrice Foods 


W. C. Himes, one of the pioneers of the 
dairy industry in Ohio, has announced his re- 
tirement as operating head of Himes Bros. 
Dairy, Dayton. He will be succeeded by his son, 
C. W. Himgs, a veteran of 32 years in the busi- 
ness and assistant manager since 1946. Himes 
Bros. Dairy has branches in Springfield, Mid- 
dleton, and Lebanon. 
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C. W. Himes 


W. C. Himes 


W. C. Himes was honored by Beatrice Foods, 
of which Himes Bros. is a division, last year 
for more than 50 years of service to the dairy 
business. Mr. Himes will continue to serve the 
business in an advisory capacity and will main- 
tain an office at the plant here. 

C. W. Himes is the third generation of his 
family to head the firm which was founded by 
A. H. Himes in 1890. In 1908 the company be- 
came a partnership, and in 1929 the company 
was merged with Beatrice Foods Co. Mr. C. W. 
Himes attended Ohio State University, Colum- 
bus, and Miami Jacobs College, Dayton. 


D. L. Huxras.e, pioneer and leader in the 
Illinois dairy industry, has announced his re- 
tirement as Manager of the Champaign, IIL, 
Meadow Gold Iee Cream Co., a division of 


Beatrice Foods Co. He will be succeeded by his 
son, D. D. HuxTase, a veteran of 22 years of 
service in the dairy industry. 





D. L. Huxtable D. D. Huxtable 


Mr. D. L. Huxtable was named manager of 
the ice cream division of the Champaign Ice 
Cream Co. in 1929 when that company became 
a division of Beatrice. At that time he was 
president and general manager of the Cham- 
paign company. The company was founded in 
1911 and in 1913, D. L. Huxtable became 
president. 
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To ensure a quality concentrate, every piece of equip- 
ment used in the canning line is made of stainless 
steel. Complete sterilization is maintained from the 
start until the concentrate is sealed in the sanitary 
open-top type of container. 


Sanitarians Know 
These 8 Facts! 


1 Pure milk demands pure vitamin additives, 
* and Vitex vitamin concentrates are the highest 

in quality! 

2 It is fundamental that in the modification 
* of milk (or in the addition of any modifiers 


to milk) only ingredients having the same sanitary | 


quality may be used. 
3 The dairy ingredients in Vitex vitamin D milk 
* concentrates are derived only from Grade A 
milk. 
4 The dairy ingredients used in Vitex vitamin D 
* concentrates are processed only in Grade A 
dairy plants. 
Each lot of dairy ingredients used in Vitex 
vitamin D concentrates is evaluated for sani- 
tary quality by stringent methods of bacteriological 
procedures. 
6§ Vitex vitamin milk concentrates are processed 
* in a modern, regularly inspected plant designed 
especially for the product. It is given regular multi- 
ple sanitary inspection. 
7 Equipment used in processing 
* Vitex vitamin D milk concen- 
trates complies with the 3A Sani- 
tary Standards for dairy equipment. 
Vitex vitamin milk concentrates 
* represent the highest of stand- 
ards in dairy product processing 
techniques. They are used in Ameri- 
ca’s outstanding and finest dairies. 


VITEX LABORATORIES 


A Division of NOPCO CHEMICAL COMPANY 
GENERAL OFFICES: 60 Park Place, 
Newark, N.J. 
r® PLANTS: Harrison, N.J. + Richmond, Calif. 


Pioneer Producers of a Complete Line of Vitamin 
Concentrates for the Dairy Industry 
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D. D. Huxtable is a graduate of the Univer- 
sity of Illinois in Dairy Technology. He began 
his career at Meadow Gold in 1937. He has 
served as office manager, sales manager, and as- 
sistant plant manager. 


Johnson & Johnson 

C. F. Gauss, Jr., New 
Market, N. J., director 
of sales service for 
Johnson & Johnson, has 
been named eastern di- 
visional manager for 
the company’s filter 
products division. This 
division produces milk 
filters and engineered 
filters for industrial use. 

Mr. Gauss joined the 
company in 1955 as a 
salesman. In 1958 he 
was named director of 
sales service. He is a 
graduate of the Univer- 
sity of Maryland, Col- 
lege Park. 


C. F. Gauss, Jr. 


Nestlé Company 


Construction of a $5,000,000 chocolate plant 
at Salinas, Calif., began recently with ground- 
breaking ceremonies at the building site. JOHN 
SLUDER, vice president of Nestlé, turned the 
first spadeful of dirt. 

The construction is scheduled for completion 
in 1960. The plant will be four stories high and 
will occupy about four acres of a 30-acre site. 
The new plant will supplement the company’s 
chocolate works in Fulton, N.Y. Present plans 
call for the Salinas plant to manufacture Nestlé 
chocolate products for distribution in the area 
west of the Rocky Mountains. The new plant 
is expected to employ ahout 170 people. 


N.C. Dairy Products Assn. 


J. KE. Jounson, Raleigh, has been elected ex- 
ecutive vice president of the North Carolina 
Dairy Products Association. Mr. Johnson, a 
native of Duplin county, N.C., received his B.S. 
and M.S. degrees in agricultural education from 
North Carolina State College. He spent 15 years 
as an agricultural educator in the public schools 
of eastern North Carolina. 

For the past two years, Mr. Johnson has been 
a development engineer for the North Carolina 
Department of Conservation and Development. 
He is a charter member of the North Carolina 
Food Processors Advisory Committee. He is a 
veteran of World War II. 

He succeeds J. L. LANGpon, who served as 
executive vice president of the association for 
the past nine years. Mr. Langdon has accepted 
the position of general sales manager, Pet Dairy 
Products Co., with headquarters i1 Johnson 
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City, Tenn. L. A. Wore, Sr., Gastonia, is 
president of the association whose main office is 
in Raleigh. 


DAIRY TECHNOLOGY SOCIETIES 


Central Illinois—The first fall meeting will 
he held Sept. 9, with W. D. Perry and MERLE 
OrpING, Klenzade Products, in charge of ar- 
rangements. Speaker will be Bruce Larsen, 
Department of Dairy Science, University of 
Illinois, on the topic, True Facts About the 
Problem of Strontium 90 in Milk. 

Massachusetts — Officers for the newly- 
formed society are H. M. Ewe, Penn Sale 
Chemical Co., Arlington, Mass., president; H. L. 
Winpastx, H. P. Hood & Sons, Boston, vice 
president; J. H. Braga, University of Massa- 
chusetts, Amherst, secretary; and C. E. CHENEY, 
Eliot Creamery, Milton, treasurer. The society, 
which was formed only last spring, is planning 
to have seven meetings during the coming year. 

Ohio—Officers for the four Ohio Dairy Tech- 
nology Societies for the 1959-60 season are as 
follows: Northeastern Ohio—Ray ALLARD, pres- 
ident; JoHN PAxToN, vice president; EDWARD 
WEBER, secretary; JOSEPH SEIBERT, treasurer. 
Central Ohio—Gene Lower, president; Rown- 


ALD Dovaas, vice president; RICHARD FLOWERS, 
secretary; WILLIAM SWANSON, treasurer; and 
RICHARD SPIRES, sergeant at arms. Cineinnati— 
Bi Zink, president, Louis TRAUGH, vice presi- 
dent; VFRNON LEIN, secretary; JOHN TALLMAN, 
treasurer; and NORMAN OXLEY, sergeant at 
arms; Maumee Valley—Eari Haynes, presi- 
dent; DoxnAaLp SHUNK, vice president; PETER 
GOLDSMITH, secretary; and Pau. LIND, treas- 


urer. 





Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—lInsecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madison 1, Wisconsin 

















FOR TECHNICAL HELP... 


cll the man rom Ep lumerthl 


€ In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 


1. Discuss prices and prevailing market conditions. 
2. Arrange for his laboratory to perform special 














BLUMENTHAL BROS. CHOCOLATE 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 


services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 


. Refer your problems to one of our consultants 


specializing in technical ice cream problems. 


- Conduct research on new ideas suggested 


by you. 


co. 
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HELP PROTECT 
ICE CREAM PRODUCTS 
AGAINST HEAT SHOCK 


Ice creams, sherbets and 
novelties need added protection 
against heat shock. FRODEXx 
makes higher freezing 
temperatures possible, thus 
reducing melt-down problems. 


FRODEx also stabilizes ice crystals 


— ae and produces a smoother 
ne texture. The pro-sugars in 

po tag FRODEXx enhance the 
= ~— true flavors of dairy ingredients. 

-_ ~~ In addition, there are definite 

P _. ~~ economic advantages in the use of 
ae tte i> FRODEX in modern ice cream 


manufacture. Write to our 
Technical Service Department 
for further details. Free 
samples of FRODEX are yours on 
request without obligation. 





ATLANTA * BOSTON + BROOKLYN * BUFFALO * CHICAGO AMERICAN MAIZE- 
DENVER - 


FORT WORTH * GRAND RAPIDS * LOS ANGELES 


MEMPHIS * PHILADELPHIA * PITTSBURGH * PORTLAND PRODUCTS COMPANY 


ST.LOUIS + ST.PAUL * SAN FRANCISCO + SEATTLE 
250 PARK AVENUE ¢ NEW YORK 17. N.¥ 

















tp JOURNAL 


OF DAIRY 





SCIENCE 


STUDENT NEWS SECTION 


A Section 
J. 3B. 


Cornell Chapter News 


The Cornell Student Chapter of the American 
Dairy Science Association held its annual ban- 
quet on Wednesday night, May 6. Alumni from 
the classes of ’08, °18, ’28, ’38, ’48, and ’58 were 
guests of honor. 

Each year the Cornell student club presents 
a Dairy Industry Award to an outstanding 
leader in the dairy industry in recognition of 
his lasting contributions to the dairy industry 
in New York State. This vear the honor was 
extended to Dr. George H. Hopson of the De- 
Laval Separator Company, Poughkeepsie, N.Y. 
Dr. Hopson graduated from the Veterinary 
College at Cornell in 1928. He is active in local, 
state, and national veterinary and dairy 
ciations, and is known to thousands of dairy- 
men in this country and Canada. He has been 
associated with the Borden Company, the milk 
commission of King’s County Medical Society, 
and the Certified Milk Producers’ Association 
of America. For the past 19 years, he has been 
with the DeLaval organization. He has worked 


asso- 





# If keeping quality difficulties are plaguing your operation, 
ia write: 
' a THE DAIRY MANUFACTURE AND RESEARCH BUREAU ; 
al A Division of G. P. GUNDLACH & CO. 
Bes P. O. Box A, Station N, Cincinnati 3, Ohio 





Devoted to Student 


JOHNSTON, 


fi. Want iat Shelf Life? 


The shelf life of Cottage Cheese, Sour Cream and 


other cultured products have been greatly improved. 


Now any plant can enjoy the benefits of fewer returns and less 
consumer complaints when it avails itself of the methods and products 


developed by The Dairy Manufacture and Research Bureau. 


% a ine “Servants to the Dairy sapnassiail 
is wal we tc 5 ate 
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Activities 
Editor 


for many years in the field of milk sanitation in 
close cooperation with the agricultural colleges, 
the Extension Service, departments of health, 
and other agencies concerned with animal dis- 
ease control and the production of high quality 
milk. 

The Club also presented a key and a $25.00 
check to two of its members—Robert J. Ryan, 
a junior, and Gerald L. Scanlan, a sophomore— 
for their outstanding service to the Club this 
vear. 


Kansas Student Chapter News 


The Kansas State University Dairy Club 
held its 3rd annual spring banquet at the Stu- 
dent Union, March 24, 1959, with approximately 
ninety attending. 

Participants on the program were Mr. J. W. 
Winfrey, Manager of the Kansas Dairy 
ciation, guest speaker; Dr. C. L. Norton, Head 
of the Dairy Husbandry Department, faculty 
speaker. Entertainment for the occasion was 
presented by four members of the campus 
activities group. Dwight Glenn, past President 


A SSO- 
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of the Dairy Club, was master of ceremonies. 

Dick Dunham, President of the Dairy Club, 
presented gift certificates to Dr. D. L. Mackin- 
tosh and Dr. R. A. Merkel, of the Animal 
Husbandry Department, in appreciation for 
their voluntary services to the elub. 


Maryland Student Dairy Science Club News 


The University of Maryland Dairy Science 
Club met in May, 1958, and elected the fol- 
lowing officers for the school year 1958-59: 
Lewis Smith, President; W. Harold Choate, 
Vice-President: Calvert Norfolk, Jr., Secretary; 
James A. Stewart, Treasurer; Robert Kifer, 
Ag. Council Representative. 

In addition to the above officers, Dr. Ray- 
mond L. King, Assistant Professor of Dairy 
Manufacturing, was elected Adviser to the 
group. Dr. King came to the Dairy Depart- 
ment in August, 1958, having received his grad- 
uate and undergraduate training at the Uni- 
versity of California. 

The Dairy Science Club, with the assistance 
of the Dairy Department, has undertaken the 
project of purchasing a movie projector. The 
projector will be used jointly by the Dairy 
Department and the Dairy Science Club. 

As one of our regular projects, 400 box 
lunches were prepared and served to the annual 
meeting of the Maryland-Virginia Artificial 
Breeding Cooperative last November. 

The University of Maryland Dairy Cattle 
Judging Team participated in the National 
Judging Contest at Waterloo, lowa in October. 
The team placed second in the Contest, with 
Ian Forrest placing second as an individual. 
Other members of the team were: Ted Ridgely, 


Bill Schlotterbeck, George Tyson. Edsel Gainer | 


was the team coach. 

The Dairy Products Judging Team partici- 
pated in the Southern Dairy Products Judging 
Contest held at Knoxville, Tennessee in Decem- 
ber. The team placed third in judging milk, 
and Frank E. MeDonough placed third as an 
individual in judging milk. At the International 
Collegiate Judging Contest, held in Chicago in 
December, the University of Maryland team 
placed ninth in judging ice cream. Frank E. 
McDonough placed 16th judging cheese, and 
Edgar Harman 12th place judging ice cream. 
Charles W. Lease was the third member of the 
team. 

This year, as in the past, the Dairy Science 
Club has presented tie clasps and name plaques 
to the members of the Dairy Cattle and Dairy 
Products Judging teams. 

This spring the club will undertake, as a 
new project, the sale and distribution of Pro- 
ceedings of the Dairy Technology and _ Ice 
Cream Conferences. 

The Club has been most fortunate in obtain- 
ing speaker for various meetings during the 
school year. Dr. Joseph C. Shaw, who repre- 
sented the United States at the Geneva Atoms 
for Peace Conference in 1958, spoke to the 
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MATRIX 


PERFECT MOTHER CULTURE MEDIA 






PRETESTED FOR 
MOTHER CULTURES 


Does Not Contain Culture Organisms 


Matrix is the modern sure-result way of preparing mother cultures. 
It's simple, convenient, time-saving — but above all, you can be 
certain of highest activity and a true-to-character propagation of 
the original culture strain. Matrix is the perfect growth media. . . 
packed in 2.5 oz. sterile envelopes in handy dispenser cartons. 
You merely add 540 cc. of water. Be in step with the times... 
use Matrix— perfect mother culture media. 


“I get better results and 
uniformity with MATRIX; 
says Karl Renter, 


Kolb-Lena Cheese Co., Lena, Illinois, 
maker of famous "Kolb Camembert," 
“Delico Brie," "Old Heidelberg’ and 
other fine cheeses. Winner of over a 
score of awards, cups, and ribbons. "'! 
like using Matrix a lot better than the 
old way.” 





3 special Matrix calibrated culture flasks and a package 
of disposable pipettes will be included without charge 
with your first order. Complete step-by-step instructions 


Handled by the Best of Jobbers Coast-to-Coast 


GALLOWAY-WEST COMPANY, FOND DU LAC, WIS. 
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Reliable High Quality-Since 1878 
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Cheese Color 
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Annatto Butter Color 

Dandelion Butter Color 

Certified Butter Color 

Starter Distillate 

Ice Cream Color 

Dri-Vac Cultures — Avail- 

able in Specific Strains 

Culture Flasks 

Culture Cabinets 

All “Hansen's” Dairy Prep- 

arations are strictly Kosher 
Write for Literature 


CHR. HANSEN’S LABORATORY, INC. 
MILWAUKEE 14, WISCONSIN J 
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e 
protect your profits 


> Fat determinations accurate to .03 of 1%. 
> Total solids tests accurate to 1/10th of 1%. 
> Assures uniformity, quality in finished products. 
> No previous skill necessary to operate unit. 
Send today for “Cash Value of Accuracy Chart" 
MOJONNIER BROS. CO., 4601 W. OHIO ST., CHICAGO 44, ILLINOIS 


QUALITY ENGINEERED FOR ECONOMY TESTERS 


Standard Throughout the World for over 40 Years 


Dependable Products... Backed by Dependabi: Service Everywhere 
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group about the University of Maryland exhibit. 
Dr. Shaw is now Chief of the Animal Produe- 
tion Branch, Agriculture Division, for FAQ, 
with headquarters in Rome, Italy. Robert C. 
McKinley of the Dairy Council, Incorporated, 
presented to the Club the Dairy promotion pro- 
gram being carried on in public sehools. Dr. 

W. England of the England Laboratories, 
Washington, D. C., and former member of the 
Dairy Department, talked to the group on the 
history of the College of Agriculture and the 
Dairy Department. Jim Brice of the Dairy 
Department outlined and demonstrated the fune- 
tion of the Dairy Inspection Service. 


Minnesota Chapter News 


Our elub had the distinction of presenting 
the first event to be held in the newly-opened 
St. Paul Campus Student Center. This was the 
Milk Hour held April 21, which was co-spon- 
sored with the Student Union Board of Gov- 
ernors. The club made an all-out effort to pub- 
licize this event in which Princess Kay of the 
Milky Way assisted. In addition to many pos- 
ters on display throughout the campus, a cow 
wearing a white hat, a large Brown Swiss bell, 
and a pair of oversized sandwich boards was 
led around campus for several hours to publi- 
cize the event. This effort was obviously quite 
successful, as more than seventeen gallons of 
milk and seven pounds of cheese were distrib- 
uted among 300 students, faculty members and 
guests. 

This quarter’s newsletter, under the chair- 
manship of Richard Schurtz, was completed on 
June 8. Contributions were received from a 
large number of club members. 

The Minnesota Ag Royal held the center of 
the club’s attention for the weekend of May 8, 
9 and 10. This is a mid-spring Fun Festival 
which consists of contests and games of all 
types. Club members Gerald Strandlund and 
Sheldon Erickson tok fourth and fifth places, 
respectively, in the cattle showmanship con- 
tests. The club also sponsored a fund-raising 
booth at the Fund Fair. The booth (throwing 
darts at balloons) was not financially suecess- 
ful. In addition to this, Harlan Stoehr and 
Ronald Goos, astride a large Holstein steer, 
cireulated among the crowd at all the events, 
selling ice cream bars. This effort was a greater 
financial success than the booth. 

Officers for the coming year elected by the 
club on April 7. Guenther Behrens, a dairy 
industry junior, was elected president. The 
Vice President is Sheldon Erickson, a dairy 
husbandry junior. Sophomore Charles Berigan 
and Junior Lloyd Swanson, both majoring in 
dairy husbandry, were elected Secretary and 
Treasurer, respectively. This year the club 
established the positions of Historian and Pub- 
licity Man as elective offices. These are now 
filled by Richard Schurtz, a Junior, and Garth 
Miller, a Junior, both majoring in dairy hus- 
bandry. 
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The Minnesota Dairy Scienee Club presented 
certiticates of award to the first-place winners 
in each of the Dairy divisions of the Winter 
Judging Contests. Among those receiving 
awards were: Guenther Behrens, first in Milk; 
Paul Suomala, first in Butter; Sheldon Erick- 
son, first in Ice Cream; Arthur Goembel, first 
in Cheese; Gerald Strandlund, first in Hol- 
steins; and Sheldon Erickson, first in Jerseys 
and first in Over-All Cattle. 

On May 20, the St. Paul Campus held a 
Recognition Assembly for all students receiving 
honors this year. Nine club members were pre- 
sented awards at this assembly. Gerald Adamek 
and Sheldon Erickson received $300 awards 
from the Northwest Feed Manufacturers Asso- 
ciation. Guenther Behrens, Douglas Johnson, 
Wayne Kielty, and Erie Woratschka were pre- 


sented with Dairy Industry Scholarships for | 
$300. Richard Cole won a £35 award for Ori- | 


ginal Oratory. Two club members also received 
awards for high scholarship; they were Garth 
Miller and Charles Berigan. 

In its efforts to promote better student-faculty 
relationships within the department, the club 


sponsored the annual all-dairy pienic on May 


21. The evening began with the faculty and 
grad students defeating the undergrads in a 
softball game. It ended with a delicious steak 
fry. There were about 125 people attending. 

Harlan Stoehr was named as the official club 
delegate to the American Dairy Science con- 
vention this June. He will attend the meetings 
and submit a report of the proceedings at the 
first club meeting held next fall. 


Ohio State University Dairy Tech News 


Ronald EK. Walters, Karl W. Kepner, and 
Richard Githens, seniors in Dairy Technology, 
received honorary awards at the 1959 Ohio 
Dairy Products Association Convention in Cin- 
cinnati, January 20. 

Ron Walters received the Ohio Boosters 
Award for the outstanding leadership he has 
exhibited as a student. He has served as vice- 
president of the Dairy Tech Toastmasters, 
president of the Dairy Tech Club, and partici- 
pated enthusiastically in departmental functions 





Award winners Karl Kepner, Richard Githens, 
Frank Bratton, and Ronald Walters (left to right) 
discuss the latest agricultural developments with 
Dr. Gould, Chairman of the Department of Dairy 
Technology (center). 











IF YOU RUN A SEPARATOR 
YOU NEED A 








@ SIMPLE—Can be operated by anyone with average eyesight. 
@ DIRECT —Tells you at once how ‘each separator is running. 
@ PROVEN — More than 150 Sepascopes in use in U.S. & Canada. 


Distributed in the U. S. A. by 
Write for hitman Laboratories, Inc. 


more details Equipment -Division, Norwich, N. Y. 








FINEST COLD WATER 


IOSAN 


BULK TANK CLEANER 


"Reduced hot 
water bills” 





1OSAN cleans and sanitizes Bulk 
Tanks and other equipment with tap 
or lukewarm water. Lowers hot water 
costs. Removes and prevents milk- 
stone buildup. Reduces bacteria 
counts. Helps prevent mastitis. 


10SAN is the original patented 
“Tamed lodine’’® Germicidal Cleaner. 
Used daily by tens of thousands of 
milk producers. Especially effective 
for Bu’k Tanks. For a free demonstra- 
tion contact your regular supplier or 
Lazarus Laboratories Inc., Div. West 
Chemical Products Inc., 42-16 West 
St., Long Island City 1, N. Y. 
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GERMICIDAL CLEANER 


IOSAN 


2 IN 1 PRODUCT 


‘Only product 
needed’ 





1OSAN replaces two or more prod- 
ucts. It is a powerful cleaner and 
sanitizer. Saves time and labor. Low- 
ers bacteria counts. Removes and 
prevents milkstone buildup. Also 
helps prevent mastitis. 


1OSAN is the original patented 

“Tamed lodine’’® Germicidal Cleaner. 
Used daily by tens of thousands of 
milk producers. Especially effective 
for Bulk Tanks. For a free demonstra- 
tion contact your regular supplier or 
Lazarus Laboratories iInc., Div. West 
Chemical Products Inc., . 4 16 West 
St., Long Island City 1, N. Y. 


How to prevent 
“bacteriophage” 


FLAV-0-LAC 
FLAKES 





“Numbered blends” have proved suc- 
cessful for plants all over the country. 
Fresh culture every week of high quality 
keeps aroma, smoothness, and flavor 
uniform in fermented milk products. 


Write for details in 
our Culture Booklet 


THE DAIRY LABORATORIES 
PHILADELPHIA 3, PA. 
New York -e 





Branches: Washington 


OF DAIRY 





SCIENCE 


The award con- 
Ron is a repeat 


involving staff and students. 
sists of a cheek for $150. 
recipient of this award. 

Karl Kepner and Dick Githens shared the 
Robert B. Stoltz Dairy Technology Honor 
Award for outstanding scholarship. Karl has 
been active in the Dairy Tech Club (vice-presi- 
dent), Dairy Tech Toastmasters, and the Agri- 
cultural Student Affairs Committee. He is a 
member of the national agricultural honor 
societies of Towers and Gamma Sigma Delta. 
Dick Githens also is a member of Gamma 
Sigma Delta and has served as treasurer of the 
Dairy Tech Club and secretary-treasurer of the 
Dairy Tech Toastmasters. Each recipient re- 
ceived $150. 

Frank R. Bratton, Dairy Technology senior, 
is the 1959 recipient of the Virginia Dare Col- 
lege Award in recognition of outstanding per- 
formance in the area of Ice Cream Manufac- 
turing. The award which is made possible by 
the Virginia Dare Extract Company, Ine., 
Brooklyn, New York, consists of a beautiful 
plaque and twenty-five dollars. 

About 140 students, dates, faculty members, 
and invited guests attended the annual Winter 
Dinner Dance February 27 at the Ohio Union. 
The affair, sponsored jointly by the Dairy Sci- 
ence A.D.S.A. Club and the Dairy Tech Club, 
was highlighted by several events. Tom Settle- 
mire and Ditros Toundjes were named co- 
recipients of the Salisbury Award for out- 
standing leadership; Don Wagner received the 
Borden Award for outstanding scholarship. Mr. 
Jim Meyers, of Franklin Heights High School 
and a graduate of O.S.U., was the featured 
speaker of the evening. The subject of Mr. 
Meyers’ address was “Human Folly.” Paul 
Culler, President of the Dairy Tech Club pre- 
sided over the affair. 

Following the dinner, there was dancing to 
the musie of Iggy Stabile and his Orchestra. 
During intermission, the two clubs had a skit 
contest won by the Dairy Science Club. Their 
skit, entitled “This is Your Life,” illustrated 
the life of Harold Kaeser, who has coached the 
Dairy Club Judging teams for many years. The 
rotating trophy—The Stainless Steel Bucket— 
remained with the Dairy Science Club for 
another vear. 


South Dakota Dairy Club Becomes 
Student Affiliate Chapter 


The South Dakota State College Dairy Club 
has recently become a member of the Student 
Branch of the American Dairy Seience Associa- 
tion. As this is our first article to appear in 
the student chapter news, we would like to intro- 
duce ourselves. We are known officially as the 
T. M. Olson Dairy Club, named after the 
late prominent dairy leader, Professor T. M. 
Olson, former Head of the Dairy Department 
at South Dakota State College. 
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Science Comes To The Farm Through Research 


A Review of Research 
in Mastitis 


This issue of AGRAData features Mastitis, one of the 
most costly problems facing dairymen today. The re- 
search work of leading scientists is digested here, and 


includes: Predisposing factors in mastitis... testing 
methods ...and recommendations for treatment and 
control. 


Cther issues of AGRAData are reviews of current 
major problems in animal and poultry health and nutri- 
tion ... compiled from wherever in the world valuable 
research is being conducted. 

Besides featuring a single urgent problem, each issue 
of AGRAData contains recently published abstracts on 
many other subjects. You’ll find AGRAData a valuable 
addition to your file. 


i ite to: 
copy of this AGRADoto, wri 
o signed & Co., inc., Agricultural Research 
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and Development Dept, Terre Havte, 
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We hope that we may contribute interesting 
material from time to time for this section of 
our club activities. We are very happy to have 
been accepted as members of the organization 
and we hope to prosper by its promotion. We 
are planning to send a delegate to the Dairy 
Science meeting in June. 

Many of our activities are similar in nature 
to the clubs in other states. Presently, the club 
members are arranging their schedules so that 
they may go on the spring tour. This year a 
tive-day trip is planned into Canada. 

The event to which we look forward to each 
spring is the annual dairy banquet which is 
held in April this year. We are most fortunate 
to have the Governor of South Dakota, Mr. 
Ralph Herseth, as our featured speaker. 


Presentation of judging teams and awards are 
given at this time. The event that has high- 
lighted the year for club members is the Little 
International held Mareh 13 and 14. Grand 
Champion fitting award was won by Jim Nu- 
gent; Grand Champion showmanship by Don- 
ald R. Otterness; and Grand Champion sire 
showmanship by Jim Hanneman. 


Officers elected recently for 1959-60 are: 
President, Marvin Gahr; Vice President, Dennic 
Swenson; Secretary, Wayne Peterson; and 
Treasurer, George Black. 


Virginia Polytechnic Institute 


The VPI Chapter of the American Dairy 
Science Association held election of officers for 
the 1959-60 session of their regular meeting on 
Tuesday, March 10, 1959. The new officers are: 
President, Carlton Nicholas Elam, Jr., Pow- 
hatan; Vice-President, Walter Vernon McClure, 
Tungstall; Secretary, James Payne Jenkins, Jr., 
Montross; Treasurer, Richard Addison Smith, 


Harrisonburg; Reporter, Stanley McKesson 
Walker, Waverly; Editor of Milky Way, 


Joseph Ashby Lineweaver, Rochingham; Busi- 
ness Manager of Milky Way, Kenneth 0. 
Reynolds, Abingdon; and Faculty Advisor, 
Prof. Paul M. Reaves. 

The VPI Department of Dairy Science held 
their third annual Dairy Science Career Day 


on Monday, March 2. 


Dairy Science Career 
Day is designed to help prospective dairy 
students become familiar with the dairy depart- 
ment and its functions. 

This year, Dairy Science Career Day, was 
attended by 54 high school students from 
throughout the state along with their sponsors 
and guests. The morning program consisted of 
registration, tours of the dairy plant, dairy 
barns, library, and a student’s room. Dairy stu- 
dents served as guides on these tours and also 


helped to explain the various operations. 
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The afternoon meeting was held in the dairy 
Graft, Head of the De- 
partment of Dairy Science, welcomed the group 


auditorium. Dr. G. C. 


and introduced the dairy staff members. Mr. 
W. H. Daughtrey told the group some of the 
opportunities awaiting students in the School 
of Agriculture. Dr. Graft enumerated agricul- 
ture scholarships available to VPI students and 
how to apply for them. 

Four Dairy students spoke to the group about 
different aspects of college life. Bill Harris, a 
senior in Dairy Science spoke on What. it 
takes to get into VPI; Joe Lineweaver, a 
sophomore in Dairy Science, spoke on, The 
Dairy Science Club and other extra-curricular 
activities, and David Birdsall, a freshman in 
Dairy Science, spoke on This is My Freshman 
Year—I’m a Cadet.” 

The speaker of the afternoon, Mr. W. C. Mil- 
ler, a graduate in Dairy Science, told the group 
ot some of the opportunities in the Dairy 
Industry. 
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complete on-the-farm, sanitation 
ucation-service program for producers 


A complete dairy farm sanitation training program techniques and products which are rapidly becoming 


which takes place in the milk house is the best way standard on thousands of dairy farms. 

to insure a constant flow of quality milk. We will be glad to tell you how Diversey’s quality 
This, briefly, is the program originated by improvement program can benefit producers in your 

Diversey, 25 years ago. area. For complete information write Farm Products 


The program has been continuously modernized. Department, The Diversey Corporation, 1820 Roscoe 
It includes proper bulk tank and pipeline sanitation Street, Chicago 13, Illinois. 
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PHOTOMETRIC MILK FAT DETERMINATION! 


G. HAUGAARD anp J. D. PETTINATI 
Research and Development Division, National Dairy Produets Corporation, 
Oakdale, Loug Island, New York 


SUMMARY 


The theoretical consideration and practical application of a photometric procedure for 
milk fat determination are presented. The interfering turbidity due to casein micelles is 
eliminated chemically by use of a calcium chelating agent. Coherent seattering is elimi- 
nated by a fivefold dilution of milk samples. Using a favorable wave length of light, in 
the visible range, turbidity is measured as a function of average globule size for the size 
range of fat in homogenized milk. The two characteristics of the milk fat emulsion which 
then remain unalterably to influence the total scattering are fat content and average 
globule size. Two independent photometric measurements are required to solve for the 
two variables simultaneously. The parallel transmitted and the total transmitted light 
through a thin layer of the prepared sample constitute two independently variable in- 
tensities. Mathematical development of the problem led to two linear equations from 
which a nomogram can be constructed to read both fat content and average particle size. 
From photometric readings on known samples, a nomogram was drawn and the two 
characteristics read for a number of commercial milk samples. The results agree well 
with the Babcock comparative values. Applicability of the present method to other dairy 
products is discussed. 





A milk fat test which is simple, accurate, rapid, and free of personal factors 
has long been desired in the dairy industry. Such a method would most likely 
be of a physical rather than chemical nature. Many factors which influence and 
limit the determination of milk fat by photometric means must be considered, 
to arrive at a procedure which can be used routinely. Milk viewed as a sample 
emulsion for light-scattering studies is a complex product and does not lend itself 
easily to such studies. A truly simple and practical test must have built into it the 
elimination of as many of the variables as possible and yet not be limited too nar- 
rowly in application as regards fat content and type of product. Accuracy and 
precision of the test must, of course, be comparable to those of existing methods. 

Turbidity measurement has been a standard analytical procedure for half a 
century, and it is natural that many workers have made attempts with varying 
degrees of success to adapt such a procedure to determine either fat content or 
homogenization efficiency in dairy products. One of the factors which complicates 
the method is the disturbing influence of casein micelles. Some workers have tried 
to circumvent this by extracting the fat to form a new emulsion free of casein 
turbidity (Bloor, 4; Fedotov, 9; Goiffon, 10; and Heinemann, Baldi, and Parker, 
13). Others add alkali or ammonia to milk to destroy the micelles (Ashworth, 1; 
Brio and Vlodavets, 6; and Deackoff and Rees, 8). The casein micelles are known 
to be 0.1 » in diameter, whereas fat globules of homogenized milk average 2 x. 
Thus, if light of 0.7 » or longer wave length is used, no scattering due to the 
micelles can be detected. A third way of eliminating the influence of micelles, 
then, is to do so optically, by selecting light of sufficiently long wave lengths, as 
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reported by Deackoff and Rees (8), Goulden (11), and Leviton and Haller (17). 
Another factor of considerable importance which has been reported in a number 
of articles is the influence of the heterodispersity of the fat emulsion and, as a 
corollary, the shape of the size distribution curve of the globules, as shown by 
Borg (5), Lagoni and Merten (16), and Schneck and Mengebier (25). Important 
contributions to the study of milk turbidity, which should also be noted, have been 
made by Burgess and Herrington (7) and very recently by Goulden (11) in a 
series of papers. The difficulties brought forward here, and other factors as well, 
have been dealt with in a fresh approach to the problem, in order to arrive at a 
practical solution. 
THEORETICAL BACKGROUND 
Two important parameters. It is not of importance here to discuss the theory 
of light scattering in detail.' It shall only be mentioned that two parameters 
ny 
are of great theoretical importance, namely, m = —, which is the value of the 
Ne 
refractive index of the particle relative to the refractive index of the medium, 
and a=2-7r/,d, where r is the radius of the globule and JA is the wave length of 
light. The same two parameters are, consequently, also of importance for any 
practical application of light scattering. The parameter m should vary only 
within a narrow range, that is, the refractive index of the lipid phase as well as 
of the milk serum should not vary much from animal to animal or from season 
to season. The variations relative to the serum are eliminated as a factor in the 
final procedure by a fivefold dilution of the milk. This has the compensating 
effect of narrowing the range of the natural variations. The refractive index 
range of the lipid phase, on the other hand, should be rather narrow, because a 
similar compensation can not be applied. It is demonstrated later in the paper 
that the natural variations are narrow enough in the lipid phase so that errors 
from this source can be disregarded. 
The second parameter a = 2 77r/A is of the utmost importance for this method. 
[f a is plotted against the total scattering or scattering in any specific direction, 
the result is an oscillating curve—here called an alpha curve. These curves 
consist, practically speaking, of rather large linear sections connected by short, 
eurved ones. The value of a can be varied systematically by varying r while 
keeping A constant, or vice versa. Two such curves were obtained by varying A. 
To a homogenized milk sample (2% fat) were added alkali and a chelating agent, 
to destroy the casein micelles. A collimated beam of light was sent through a thin 
layer of the sample and both the total transmitted light (7) and the parallel 
transmitted light (P) were measured by a procedure which will be described in 
detail. The measurements were repeated with light of different wave length. 
Figure 1 depicts the two curves obtained from these measurements. The charac- 
teristic appearance of the a curve can be visualized from these curve sections, 
even if they show only one maximum. A fully developed a curve calculated for 


' Presentation of the theory is found in papers by Oster (20), Sinelair and La Mer (27), 
and Van de Hulst (14 
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Fig. 1. Alpha functions obtained by varying wave length of light. 











the milk system is presented in a paper by Goulden (11), reproduced in Figure 2. 
The ordinate value K is the scattering coefficient, which depends upon a number 
of factors such as a, m, ete. Other calculated or experimental a curves are pre- 
sented in papers by Oster (20), Sinclair and La Mer (27), Lewis and Lothian 
(18), and Tabibian and Heller (29). 

Importance of independent scattering. When casein turbidity is eliminated, 
only fat globules will scatter light. The light scattered by each fat globule will 
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Fig. 2. Alpha function for milk fat after Goulden (11). 











be independent of the scattering by other fat globules present, when the milk is 
sufficiently diluted. The total scattering is then simply the sum of the scattering 
from each contributor. Only two factors will, under these circumstances, in- 
fluence the scattering of light; namely, fat percentage and average size of the 
globules and, consequently, two independent measurements are required to solve 
for one or both of these quantities. Coherent scattering would be a factor in the 
measurements if the concentration of fat is higher than a certain characteristic 
value, and becomes of increased importance the higher the fat concentration. 
The total scattering would, then, depend not only on the two factors just men- 
tioned but also on a third one 





the globule size distribution curve. A practical 
photometric method for fat determination in milk could under these conditions 
hardly be developed, due to the increased complexity of the problem. 

Derivation of equations. Assuming for the moment that the scattering is 
a function of the average size of the fat globules and the fat per cent only, the 
mathematical treatment of the experimental data is rather simple. When a col- 
limated beam of light of intensity J, is incident to a thin layer of milk, a part, 
B,,, of the incident light will be scattered in the backward direction ; another part, 
F,,, is scattered in the forward direction, and a third part, 7, will pass through 
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unaltered. These quantities are interrelated by a simple equation, when there is 
no light absorption. 


Lo. =Be tier fl (1) 


Any two of these quantities are independent of each other. We have chosen to 
measure the quantities P and B,,, the latter obtained indirectly by measuring the 
total transmitted light which is equal to /,—B,,. It is assumed that the layer of 
milk to be measured is so thin that the attenuation equation (Lambert-Beers 
Law) can be applied. In other words, no multiple scattering is present. Thus, 


we have 


i, 
log-—= A> &% fat (2) 
T 
and 
I, , 
log —_=B- % fat (3) 
P 


These logarithmic expressions are known as the optical densities. The coefficients 
A and B depend on the thickness of the milk layer and the average globule size. 
Differentiating the globules into p groups according to size, we have 


p 
Ma Ash: (4) 
og —_— — 
rc 1 
ae 
log —= > B. %: (5) 
” 
We have, furthermore, 
p 
> %,=% + (total fat per cent) (6) 
| 


It can be visualized that there exists a milk of uniform globule size and with the 
same fat content as a nonuniform milk producing the same amount of total trans- 


mitted light. This can be expressed as follows : 





p 
a 
log =) A %: = A, %: (7) 
iy 1 


A similar expression can be written for parallel transmitted light. The two 
respective uniform milks are not necessarily identical, but become so if the co- 
efficients are linear functions of the fat globule radii. This is the case if such con- 
ditions are chosen that for a selected wave length of light the range of globule 
sizes of the samples falls within a linear section of the a-curve. We have then, 











1260 G. HAUGAARD AND J. D. PETTINATI 


A=ar+band B=cr+d. By inserting these expressions into Equation 7, fol- 
lowed by reduction of the terms, the following relationship is found: 


p 
> "2 Tox 


— (d) 


where r, is the globule radius of the uniform milks. As the coefticients 4 and B 
disappear from the equations, and as the same treatment applied to parallel trans- 
mitted light leads to the same equation, it follows that the two uniform milks 
must be identical. We have, thus 


ke 
log =(ar, tbh) %, (9) 
and 
Fe 
log — = (cry +d) %r 10) 
P 


By eliminating the term r, we have 


o c ia be 
log — = -log — + (d —-—) % eis 
4 a 1 a 


Elimination of the term %; gives the following equation 


i Chy d I, 


log to — log — (12) 
Zquation (11) describes a family of parallel and equidistant lines for equal incre- 
ments of fat content and Equation (12), a family of lines whose slopes depend 
on the value of r,. Experimental data confirm Equations (11) and (12). A 
nomogram can be constructed from those equations or from the corresponding 
experimental data. From such a nomogram, the fat per cent can be read, as 
well as the average globule size or an equivalent expression. 

Demonstration of presence or absence of coherent scattering. The mathe- 
matical treatment derived above is correct only under the condition that there 
is no coherent scattering and no multiple scattering. The latter factor restricts 
measurements to fat concentrations where Lambert-Beers law is valid. Coherent 
scattering is naturally more pronounced the higher the fat concentration and 
will, under a certain concentration, be of insignificant influence. The following 


0 


. . 7 . a I, 
is a good test for presence or absence of coherent scattering. If log — and log — 
P r 


are plotted against each other for milks of the same fat content but different fat 
elobule size distribution curves, one would find the points distributed along a 
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smooth, nearly linear curve, if the globule size distribution had little or no effect. 
If, on the other hand, this factor is of importance, great deviations can be ex- 
pected and would reflect on the accuracy of fat determination when comparing 
milks with globule size distributions other than those of the calibration curves. 
That this is the case for nondiluted milk is clearly illustrated in Figure 3. The 
points corresponding to mixtures, of milks homogenized at different pressures, 
do not fit on the calibration curves. The result of this test indicated to us the 
reason milk fat could be determined satisfactorily when all samples were processed 
through the same homogenizer, but consistent deviations from calibration curves 
were found when other homogenizers were used. The casein turbidity in these 
earlier experiments was eliminated by making the photometric measurements 
using light of l-u wave length. 

A similar test was repeated for milk diluted one to five and measured with 
light of 0.6-~ wave length. This corresponds to the final choice of dilution and 
light. Dilution of milk samples being a required condition in the final measuring 
procedure, the disturbing influence of casein micelles was eliminated chemically 
by incorporating a chelating agent in the diluting solution. This permitted the 
selection of a favorable wave length from a much wider range. The results of this 
experiment are depicted in Figure 4. No odd globule size distribution curve, as 
obtained from mixtures of milks homogenized at different pressures, gave points 
which deviate appreciably from the calibration curve. No deviations were found 
for milks processed by different homogenizers, either, as will be demonstrated in 
the experimental section. A calculation shows that the average distance between 
the fat globules of the diluted samples is about four times their radii, which is in 
good agreement with the conditions given by Van de Hulst (14, page 5), who 
states that a distance of three times the radius of the scattering particles is 
sufficient to insure independent scattering. 


INSTRU MENTATION 


Spectrophotometer. The Beckman Model DU spectrophotometer was very 
useful for the development of this method. The total transmitted light component, 
T, was measured with the photocell compartment adjacent to the sample cell, 
and the parallel light component, P, by removing the photocell compartment 
12 em. along the light-beam path. Movement was accomplished by sliding the 
compartment along a pair of parallel rods. The movement area was enclosed in a 
light-tight box. A water jacket, kept at 40° C. by an electrical immersion rod 
heater, was attached to the instrument mounting block, so that all samples were 
measured at the same temperature. 

Microcell. A specially made sample cell was required for the photometric 
measurements because sampie light paths worked with were mostly under 1 mm. 
A stainless steel cell was obtained? with inlet and outlet tubes which allow gravity 
filling and flushing without removing it from the instrument. The cell as shown 
in Figure 5, mounted in its cell holder, was fitted with Pyrex glass windows 


* Herman Ruf, Northern Tool and Instrument Co., 162-38 Pidgeon Meadow Road, Flushing 
58, New York. 
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Sample homogenized at 1,500 p.s.i. 
Mixture, two parts sample homogenized 1,500 p.s.i., and one part sample homog- 


enized 3,800 p.s.i. 


3. Mixture, one part sample homogenized 1,500 p.s.i., and one part sample homog- 


enized 3,800 p.s.i. 


2 


. Mixture, equal parts of samples homogenized 1,500, 2,400, 3,200, and 3,800 p.s.i. 
. Mixture, one part sample homogenized 1,500 p.s.i., and two parts sample homog- 


enized 3,800. 


3. Sample homogenized at 3,800 p.s.i. 
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Fig. 4. Graphical demonstration of absence of coherent scattering. 


2. Mixture, two parts sample homogenized 1,500 p.s.i., and one part sample homog- 


3. Mixture, one part sample homogenized 1,500 p.s.i., and one part sample homog- 


enized 3,800 p.s.i. 


4. Mixture, equal parts of samples homogenized 1,500, 2,400, 3,200, and 3,800 p.s.i. 
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Fig. 5. Cell holder with reference standard and microcell assembled and separate. 


with an incident light area 8 mm. in diameter. A channel concentric with the 
rear window served to lead any air bubbles harmlessly through the cell. Its 
volume for 500-1 spacing between windows is 0.1 ml. 

Milk glass standard. To measure optical density of P or 7 with reference 
to an air-light path without a decade selector, the sample light path would need be 
extremely small or dilution very high. As an alternative, a rectangle of flashed- 
on type milk glass was selected for a stable reference standard, so that density 
could be read on the instrument within the range of zero to 0.700 unit. The ap- 
propriate standard was selected from a series made by polishing off amounts of 
the flashed-on layer until various rectangles of the glass read, in turn, 10, 25, 
50, and 70% total transmission at 1-1 wave length. It simplified matters to use 
a milk glass type standard rather than a neutral density filter, so that both 
P and T could be read in reference to the same standard. 

Bench homogenizer. A small, manually operated homogenizer was designed 
and constructed at our laboratories to process nonhomogenized samples. Shown 
in Figure 6, it embodied a spring-loaded valve with its tension acting against a 
fixed orifice plate. Torque applied to the hand lever forced 5 ml. of milk through 
with each forward stroke. The feed cup check valve permitted the pressure 
chamber to refill on each back stroke. Valve spring tension could be varied at 
will for a homogenization pressure range of zero to 4,000 p.s.i., calibrated by 
hydraulic pressure gauge. The action on the forward stroke was smooth, with 
constant pressure which gave a uniform homogenization. A built-in electrical 
heater and thermostat control kept the aluminum jacket at a chosen temperature. 


The homogenizer disassembled easily by removing six allen-head bolts. 





MILK FAT DETERMINATION 1265 








Fic. 6. Manually operated bench homogenizer. 


MEASURING CONDITIONS 


Homogenized milk. Homogenization narrows the fat globule size range so that 
the range falls on a favorable section of the alpha curves discussed previously. 
Neither a monodisperse milk fat emulsion nor a reproducible size distribution 
is obtainable by homogenization. If it were readily feasible, a single photometric 
measurement would be directly proportional to fat content. The residual fat in 
skimmilk meets this requirement to some extent. This was taken advantage of 
by Pisecky (21), who reported a turbidimetric method for determining fat in 
skimmilk. 

Sample temperature and history. Photometric readings of samples with the 
fat solidified differed consistently and reproducibly from those with the fat 
melted. The choice to measure all samples after having been prewarmed to 40° C. 
was made because it was much less time-consuming than if they were to be re- 
frigerated for a required minimum of several hours. It was also safer to avoid 
fogging of the microcell windows by samples taken directly from cold storage. 
The heat treatment history of milk, such as pasteurization by either the holding 
or flash method and even sterilization at 100° C. for 1 hr., had no effect on the 
photometric readings. 

Sample light path. It is usual procedure to either decrease the sample light 
path or increase dilution to overcome multiple or coherent scattering, respectively, 
and maintain reading sensitivity where Beer’s law is valid. The importance of 
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this in the development of the procedure was discussed earlier. In the practical 
choice of a light path for whole milk, it was seen that when either the P or T 
optical density readings of a series of samples homogenized at the same pressure 
were plotted against fat content a curve with a straight line section was obtained. 
This section represented fat content range where measurement was made with 
the same sensitivity. Beyond this range, the curve gradually changed its slope 
as multiple seattering became evident, until there was no further change of 
reading and, consequently, no sensitivity for increasing fat content. Readings of 
samples of a given fat content range were made, using different sample light 
paths. From these a family of curves were drawn where the longer the light path 
was, the steeper the slope of the straight line section. However, the steeper the 
slope, the narrower was the range of fat content corresponding to the straight line 
section. The optimum sample light path of 500 » for 2—5% milk fat (the fat 
content after dilution was actually 0.4-1.0% ) was, therefore, a compromise be- 
tween the entire range falling on a straight line section and steepness of slope. 
A family of straight lines with a common intercept at zero fat was also then 
produced for a series of homogenization pressures. 

Diluting solution. Primarily, milk samples were diluted to eliminate coherent 
scattering, with the consequence that the globule size distribution curve factor 
was done away with. It can be visualized that other advantages of a practical 
nature in favor of dilution are: elimination of the disturbing window effect 
deseribed by the writers (12); reduction of serum refractive index difference 
between samples; increase of refractive index difference between milk fat and 
suspending medium and, of lesser importance, use of longer sample light path 
so that tolerance of the dimension between windows is not as critical. Dilution 
of milk with water brought about casein micelle instability which influences 
the optical properties, as has been investigated by Lagoni and Merten (16). Use 
of various buffers of different concentrations and solutions of calcium salts did 
not overcome these unbalances. Reagents such as sodium citrate, sodium oxalate, 
sodium hydroxide, and disodium Versene (disodium ethylenediamine tetraace- 
tate) were then tried. Versene gave the most satisfactory results for the relatively 
small amount required. Also, its action in disrupting the calcium-casein com- 
plex to form chelated calcium and solubilizing casein to form sodium caseinate 
is practically instantaneous. A solution consisting of 0.325% Versene, 0.125% 
Tween 20° emulsifier and adjusted to pH 10 with sodium hydroxide formed 
dilutions which had excellent stability. Emulsifier was incorporated in the solu- 
tion to prevent fat globule clumping. Dilutions could be read immediately and 
refrigerated for several days and still tested reproducibly to within 0.04% fat. 
In practice, 5-ml. portions of milk were diluted with 20 ml. of solution, both de- 
livered by syringe for higher volumetric accuracy than pipetting. 

Light wave length. Elimination of casein micelle turbidity by the use of a 
chelating agent permitted use of light through the visible region of the spectrum 
rather than just the near infrared. Accordingly, it was found that at a wave 


* Polyoxyethylenesorbitan monolaurate, Atlas Powder Company, Wilmington, Delaware. 
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length of 0.6 », the greatest measuring sensitivity was obtained for distinguishing 
samples according to both homogenization pressure and fat content. 


CALIBRATION CURVES AND NOMOGRAM 


Preparation and measurement of standardized samples. The procedure to 
obtain the calibration curves from which a nomogram could be drawn consisted 
of taking a quantity of milk standardized at 5.00% fat by multiple Roese-Gott- 
lieb determination. Weighed portions of this were accurately diluted with 
amounts of skimmilk of known fat content to give seven fractions with a range 
of fat down to 2.00% in steps of 0.50% fat. Each of the seven fractions yielded 
five samples by homogenizing at pressures of 1,600 to 3,200 p.s.i. in increments 
of 400 p.s.i. Each of the 35 resulting known samples was diluted with 4 vol. of 
the Versene solution described above, prewarmed to 40° C., and measured for 
the P and 7 readings, using a 500-1 sample light path and a wave length of 0.6 pu 
(orange color). The milk glass standard used as reference was one described as 
transmitting 50% at 1l-» wave length. More specifically, this standard trans- 
mitted 35% of the incident light of 0.6 », with the photocell in the close position 
and 9% with the photocell at a distance of 12 cm. as measured against the micro- 
cell with a water light path of 500 up. 

Calibration graph. The P and 7 optical density readings of the 35 samples 
are shown graphically in Figure 7. Two families of intersecting curves were 
obtained from the data, one relative to fat content and the other relative to 
average particle size in terms of homogenizing pressure. This picture confirmed 
the theory, in that the fat curves are almost truly equidistant and parallel, and 
the family of curves relative to particle size are very nearly linear with slopes 
which vary according to size [see Equations (11) and (12)]. Deviation of both 
families of curves from the ideal was more evident at the upper end of the fat 
“ange, where multiple scattering begins to influence the measurements. The units 
of both abscissa and ordinate are shown as positive when the density reading of 
a sample was more dense than the reference standard, and negative when the 
sample was less dense. In practice, the density of the sample in the former case 
was measured relative to the standard and in the latter case the density of the 
standard was read relative to the sample. 

Construction of nomogram. Having two families of straight lines relative 
to particle size and concentration, the construction of a nomogram is very simple. 
A straight line plotted in a Cartesian coordinate system is depicted as a point 
in a nomogram where the two axes are parallel. Each family of straight lines is 
depicted as a series of points which can be connected to form a curve in a nomo- 
gram. Furthermore, if a family of straight lines has a common intersection point 
(or are parallel), then the resulting nomogram curve will also be a straight line. 
Once a pair of parallel axes was chosen as the boundaries of a nomogram, the 
points representing fat content and homogenizing pressure were found. The re- 
sulting nomogram from which unknown samples could be determined was drawn 
as shown in Figure 8. Further subdivisions, especially of the fat scale, were 
drawn according to the observed sequence of the seven subdivisions of fat from 


2 to 5%. 
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Fig. 7. Calibration curves. 





To read the nomogram, the P and T readings of an unknown milk were found 
on the corresponding axes of the nomogram. A straight-edge was held on the 
two points so that a connecting line was formed between the two. The fat con- 
tent and homogenization pressure were then read at those points where the con- 
necting line crossed the respective scales. 

Homogenization pressure as shown in the nomogram is an arbitrary reference 
seale and correlates the calibration and efficiency of the bench homogenizer. A 
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Fig. 8. Nomogram for photometric milk fat test. 


seale that expressed homogenization degree in absolute units would be independent 
of any particular homogenizer. It is planned for the future to obtain such a 
seale from readings of milk fat emulsion samples fractionated according to uni- 
form globule size. 

Precision of the method. Since the 35 samples that were prepared to obtain 
the calibration graph and nomogram all had their fat content based on the 
original 5.00% fat quantity of milk, then any error in the Roese-Gottlieb fat 
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determination of that milk was carried through the entire fat range of the nomo- 
gram. Assuming there was no Roese-Gottlieb error on the original milk and that 
therefore all the prepared samples were correct, there remained only the photo- 
metric reading errors and those due to the construction and reading of the 
nomogram. Using the P and T optical density readings of the original 35 samples, 
the nomogram fat for each sample was read and compared to the original caleu- 
lated fat content. From the differences between the two sets of values, the ex- 
pected error of a single determination was found to be + .05% fat, which repre- 


sents the precision of the method. 


COMMERCIAL MILK SAMPLES 


A practical demonstration of this method consisted of reading fat content 
and homogenization pressures of commercial homogenized milk. The data ob- 
tained and comparative tests by the Babcock method were compiled in Table 1. 
The compilation includes data obtained for: 1) 45 samples of 19 different brands 
of milk purchased and tested through a 1-mo. period of time, 2) samples (No.25- 
29) mixed according to dissimilar homogenization pressure (as read on the 
nomogram), 3) mixtures (No. 40-43) with nonhomogenized milk, 4) samples 
(No. 56-67) rehomogenized at 1,600 p.s.i., 5) a reconstituted whole milk powder 
sample (No. 55), and 6) dilutions with skimmilk (No. 68-81). 


TABLE 1 
Comparative analyses of homogenized milk (continued) 
Nomogram reading 


Homoge- Nomo. 
Sample Brand or nization Babeock minus 
No. mixture pressure Fat fat Bab. 
(p.8.t.) (To) (Vo) 
l O 3,900 3.31 3.47 26 
2 F 4,200 3.37 3.32 +.05 
3 E 4,700 3.48 3.46 +.02 
+ K 3,700 3.37 3.39 .02 
5 Ss 3,900 3.36 3.31 +,.05 
6 G 4,200 3.23 3.25 -.04 
7 Q 2,800 3.43 3.45 -.02 
8 A 3,200 3.52 3.54 —.03 
9 J 3,000 3.38 3.31 TOT 
10 B 3,200 3.74 3.58 +.16 
1] B 3,000 3.43 3.36 +.07 
12 N 3,600 3.46 3.42 +.04 
13 Cc 3,000 3.49 3.65 59 
14 M 3,700 3.52 00 
15 F 4,300 3.29 +.06 
16 E 4,400 3.64 +.05 
17 Q 3,000 3.43 — 06 
18 Ss 3,800 3.14 +.08 
19 H 4,300 3.30 -.01 
20 K 3,800 3.52 = 
21 A 3,600 3.50 +.07 
22 I 3,600 3.40 —01 
23 O 4,200 3.17 —.00 
24 D 3,600 3.21 —.16 
25 No. 13 & 15, 1:1 3,600 3.51 +.09 
26 No. 16 &17,1:1 3,700 3.63 








Sample 
No. 


55 
56 
vi 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 


68 


NaS 
= S © 


do-3S Cle Co bo 


80 
81 
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TABLE 1 


Comparative analyses of homogenized milk (coneluded) 


Brand or 


mixture 


No. 


17&19,1:1 


. 22 & 23,1:1 


21 & 24,1:1 
H 
C 
D 


> 
> 


R 
Q 


W.M. powd. 


No. 
No. 
No. 


44, rehom. 
45, rehom. 
46, rehom. 


. 47, rehom. 
. 48, rehom. 
. 49, rehom. 
. 50, rehom. 
. 51, rehom. 
. 52, rehom. 
. 53, rehom. 
. 54, rehom. 
. 55, rehom. 


. 44+ skim, 9: 
. 46 + skim, 9: 
.47 + skim, 9: 
. 48+ skim, 9: 
.49 + skim, 9: 
. 50 + skim, 4: 
. 51+ skim, 4: 
. 52 + skim, 9 
. 52 + skim, 4 
. 53 + skim, 9: 
. 53 + skim, 4: 
. 54+ skim, 9: 
.54+ skim, 4: 
. 55 + skim, 9: 





il aell all oll ll eee 


“ Mixtures with nonhomogenized milk and 


3,700 
4,000 
3,700 
3,400 
3,900 
3,800 
2,800 
3,100 
3,800 
3,500 
4,300 
3,100 
3,500 


4,800 
4,600 
4,400 
4,000 
3,000 
3,200 
3,600 
2,800 
4,000 
4,000 
3,700 
3.800 
2,900 
3,600 
3,100 


4,600 
3,100 
3,300 
3,700 
2,900 
4,100 
4,100 
3,700 
3,900 
3,100 
3,700 
3,100 
4,300 
2,700 
3,600 
2,800 
3,900 
3,900 
3,600 
2,200 
3,000 
3,000 
3,600 
3,700 
3,100 
3,000 
3,900 





Nomogram reading 
Homoge- 
nization 
pressure 


(p.s.i.) 


2.89 
3.13 
2.87 


2.74 





Babcock 





3.07 
2.74 
3.13 
2.80 
3.22 
2.88 
2.91 





— 


271 


Nomo. 
minus 
Bab. 


+.03 
+04 
+.03 
—,.03 
— ie 
—.01 
+.02 
bay | 
+.03 
—.05 
32 
+.06 
+.04 


+.04 
+.05 
+ .03 
+.01 
+.02 
+.14 
+.02 
+.06 
—.08 
—.09 
+.10 
— 01 
+.02 
—01 
=e 
—.05 
—05 
+.08 
— 03 
+.01 
— 30 
=e 
+.07 
—.03 
= 03 
— 02 
— 
— 65 
—.05 
+.01 
+.08 
+.02 
—.09 
+.16 
+.02 
— 02 
+.10 
+.01 
+.09 
—.09 
—F 
—— ae 





mixture then homogenized at 2,000 p.s.i. 
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Determinations of fat in mixtures of samples, mixtures with nonhomogenized 
milk, and rehomogenized samples were done to demonstrate the freedom of the 
test from a globule size distribution factor, although the absence of a systematic 
error according to brand was the best demonstration. Those samples diluted 
with quantities of skimmilk were prepared, to extend the range of fat content 
tested. The bench homogenizer was not used to further process commercial 
homogenized milk samples, except as indicated in the table of data. Readings 
higher than 3,200 p.s.i. were extrapolated on the nomogram scale. The test 
procedure on a homogenized milk sample was simply to prewarm, dilute, read 
P and T, align the P and T readings on the nomogram axes, and read the two 
scales, a procedure which took only several minutes’ time. The added step of 
collecting in a vial a representative 15-ml. sample of milk obtained by three 
strokes of the bench homogenizer level adds only a minute or so to the procedure 
for nonhomogenized milk. 

The homogenization figures reported in Table 1 demonstrate the usefulness 
of the additional information obtained by this method. For example, of the four 
tests of Brand E milk, three show a homogenization pressure reading of 4,300 to 
4,700 p.s.i.; the reading of one sample was considerably lower, showing 2,900 
p.s.i. This may reflect on the condition of the specific homogenizer on that par- 
ticular day. The data for Brand Q, on the other hand, show a consistently lower 
homogenization pressure. Samples No. 25 to 28 are equal mixtures of samples 
which had dissimilar homogenization readings. The homogenization readings of 
the mixtures were, in all cases, almost the exact numerical average of the original 
samples. Sample No. 29 is an equal mixture of two different brands which had 
the same homogenization reading, 3,600 p.s.i., and the reading for the mixture 
was 3,700 p.s.i. 

The Babcock comparative tests were run by a highly experienced analyst and 
read to the second decimal place. This does not represent the true accuracy 
of the method, which is generally assumed to be around 0.1%, but repeated anal- 
ysis of coded samples has shown that it is possible for an individual analyst to 
consistently obtain a higher relative precision than 0.1%. As the majority of our 
Babcock analyses have been carried out by the same operator, we feel that it is 
justified to report the Babcock values with two significant decimal places. The 
photometric-minus-Babcock figures shown in the last column of Table 1 can be 


summarized as follows: 
21% 


60% 


Difference of .01% fat or less: 17 samples, « 


= 


~ 
ar] 


Difference of .05% fat or less: 49 samples, « 
Difference of .10% fat or less: 70 samples, or, 86% 
r, 94% 


Difference of .17% fat or less: 81 samples, or, 100% 


Difference of .15% fat or less: 76 samples, 


DISCUSSION 


Theory. The factors concerned with a turbidimetric procedure for the milk 
emulsion and the mathematical development based on two independent measure- 
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ments were treated and applied practically to homogenized milk. Naturally, 
we have also used the method on nonhomogenized milk, but we did not sueceed 
as well. This is undoubtedly because the fat globules of nonhomogenized milk 
fall on an unfavorable part of the a curve for light up to l-» wave length. Light 
of 3- to 4-4 wave length might possibly give equally good measuring conditions, 
as have been developed for homogenized milk, although it may be that the natural 
globule size range is too extended to be fully accommodated on the first linear 
section of the a curve For this reason, homogenization of samples prior to 
measurement may still be required. In our studies with nonhomogenized milk 
from different breeds, the photometric readings could be correlated to some extent 
with their respective average globule size. The points representing the individual 
breeds lined up similarly to the way the homogenization pressures do (as shown 
in Figure 7). 

The consequences and usefulness of a procedure of measuring two quantities 
were never fully exploited before, although the concept is not entirely new, as 
shown by Barnes and La Mer (2), Barnes and Stock (3), Sinclair (26), Powell 
(22), Johnson, Chiantella, and Carhart (15), Loesehke and Wever (19), and 
Wright (30). 

Factors affecting accuracy. The main factors concerned with the aecuracy 
and precision of the method have been discussed in detail. A few other factors 
which can cause variations are set forth briefly here. The relative refractive index 
of a scattering system being an important parameter in the theory of light 
scattering, gross variations in refractive index of either the fat or serum would 
cause erroneous fat determination by the photometric method. Variation of 
solids-not-fat content mainly causes the variation of serum refractive index. 
In milks from individual cows, the greatest variation of solids-not-fat has been 
reported as 7.50-10.65%, although the extremes for 3.5% fat milk are given 
as 8.20-8.90% (28). This is a variation of 0.70% solids-not-fat, which corresponds 
to a refractive index variation of 1.3449-1.3460. However, this variation is com- 
pensated to a great extent by the process of diluting milk samples before measur- 
ing photometrically, whereby the variation of solids-not-fat is 0.14% and the 
corresponding refractive index was found to vary from 1.3358 to 1.3361, a varia- 
tion of little significance. 

A similar compensating factor does not exist for milk fat, whose refractive 
index range is given by Rogers (24) as 1.4527-1.4566 and by Richmond (23) 
as 1.4524-1.4565 (converted from butryro-refractometer readings), or a differ- 
ence of 0.004 unit. The seasonal variation given by the latter reference amounts 
to 0.0017 unit. We were not able to obtain samples of milk with fat of various 
refractive indexes. However, as the optical effect depends on the value of the 
refractive index ratio of fat and serum, it was possible to simulate any variation 
of the fat refractive index by a corresponding variation in the aqueous phase. 
Results from experiments where glucose was added to milk samples showed that 
a difference of 0.004 unit of refractive index caused the nomogram reading to 
differ by 0.12% fat. Consequently, for a nomogram constructed from milk of 


-/C 


average fat refractive index an error of only 0.06% fat can be expected when 
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the fat refractive index is at either limit of the range. Milk from individual 
cows would oceasionally be more liable to be found at either limit than would 
herd milk. 

Natural variations of milk pH, between 6.2 and 6.7, did not affeet the fat 
determination by virtue of using a diluting solution of pH 10 which maintained 
pH of dilutions in the range of 8 to 9. 

Several other factors which have not been investigated fully are the effect 
of clarifier slime content in raw milk and the effect of the commonly used preserva- 
tives. In reference to the latter topic, it was noticed that the concentration of 
Versene in the diluting solution is more than sufficient to have a bacteriostatic 
effect. 

Application to other dairy products. The measuring procedure as deseribed 
for milk appeared to be applicable to any dairy product but, from a practical 
point of view, the upper limit of fat content that can be determined is around 
40%. For higher fat contents, the amount of dilution necessary becomes cor- 
respondingly higher and, as a result, the experimental error increases in pro- 
portion to the dilution factor. To satisfy the condition that there be neither co- 
herent nor multiple scattering by the fat emulsion, the actual fat concentration 
of the diluted sample should not exceed 1%. 

Products which are not fluid to begin with can be reconstituted by neu- 
tralizing and redissolving the protein curd. Products with fat content lower than 
that of whole milk require less dilution. The method of determining fat photo- 
metrically has been extended to various products such as cream cheese, ice cream 
mix, heavy cream, sour cream, evaporated milk, creamed cottage cheese, yoghurt, 
buttermilk, and skimmilk. The results with these products will be reported in a 
future publication. 
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SUMMARY 


A modified method suitable for routine monitoring for the determination of four radio- 
nuclides [total radiostrontium, strontium” (yttrium), barium™, and cesium] in the 
ash from one liter of milk, is deseribed. With this method, based on radiometric analyses 
and employing B- or y-counting as applicable, recoveries are as follows: strontium, 
§2 + 2%; yttrium” (strontium”), 77% +4%; barium™, 85% + 4%; and cesium™, 
96% + 3%. The over-all recovery of strontium” (yttrium”), taking into account the 
recovery of strontium, is 64% + 59%. These values indicate sufficient precision for most 
purposes. The major reason for loss of strontium and barium activity in the nitrie acid 
treatment step is the low acid concentration (64-65%) employed. The interference of 
strontium on barium and barium on strontium is less than 1%, whereas the presence otf 
cesium has no effect on the determination of strontium and barium activity. The results 
obtained on milk samples using this method are presented elsewhere (6). 


A number of laboratories are currently determining the concentration of 
various radionuclides in milk. Among the procedures in use are detailed chemical 
separation (2, 5, 10, 12, 13), ion-exchange (11), and y-ray spectroscopy (1, 3). 
Determination of cesium and alkaline earth radionuclides is complicated by some 
of the natural milk ash components, particularly calcium, potassium, and phos- 
phate. Radiochemical methods for the separation of these radionuclides must 
take cognizance of the presence of these interfering materials. 

Bergh et al. (2), Bryant eft al. (5), Harley (10), Martell (12), and Merten 
(13) separate strontium and barium from milk ash as nitrates by treatment with 
concentrated HNOs. They remove rare earths as hydroxides, separate barium 


as chromate at pH 5.0, and determine strontium’? 


on the basis of the activity 
of its daughter yttrium®’, which is precipitated as the oxalate after an ingrowth 
period. Volehok et al. (17) precipitate alkaline and rare earths from milk ash as 
oxalates and remove the rare earths as hydroxides. After ingrowth, the yttrium 
and lanthanum are separated from the alkaline earths and used for the determi- 
nation of strontium and barium, respectively. 

Cesium is commonly separated from potassium as a silicotungstate (5) or 
as alkali alum (10) and, finally, is precipitated as chloroplatinate. 


89 


Since our program included determinations of strontium strontium”, 
barium!?°, cesium!**, and total rare earths + Zr® — Nb® in mlik on a routine moni- 
toring basis, it was deemed necessary to modify available procedures so that: 
(a) all the radionuclides of interest could be obtained on a single sample of milk 
ash from one liter of fluid milk; (b) the radionuclides would be recovered in high 
yield with such consistency that chemical vield determinations would not be neces- 
sary on each sample; (¢) the final counting samples would be suitable for use on 
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the high-efficiency counting instrumentation! at the Center; and (d) the methods 
could be successfully carried out by technicians in routine analyses. 

The chemical analysis of the initial milk samples disclosed no significant con- 
centrations of either the rare earths or Zr®* — Nb*®; therefore, the procedure 
was simplified to eliminate these materials. The techniques which serve as the 
basis for the final procedure are: (a) removing phosphate (and caleium) by 
nitric acid treatment, (b) determining strontium” by yttrium? extraction (7), 
and (c) recovering cesium from nitric-acid supernatant by precipitation as phos- 
phomolybdate (11), with further purification by solution of the phosphomolyb- 
date and reprecipitation of the cesium with cobaltinitrite (8). 


. EXPERIMENTAL PROCEDURE 
A. Reagents 


All chemicals and solvents employed are reagent grade, unless otherwise stated. 

1. Acetic acid—glacial. 

2. Ammonium acetate buffer (pH 5.0). Prepare by mixing one part of 1.5 N 
acetic acid with two parts of 3 V ammonium acetate. 

3. Ammonium acetate wash solution. Dilute three parts of ammonium 
acetate buffer with 20 parts of water. 

4. Ammonium hydroxide—6 N. 

5. Ammonium molybdate. Dissolve 100 ¢. of (NH 4)gMo;Oo, - +H2O in water 
and make up to one liter. 

LN. 

7. Cerium + zirconium carrier. Equal volumes of 0.1 N. 


6. Barium nitrate- 





Ce( NOs), + 0.1 VN ZrOCl., + ICI necessary to prevent hydrolysis. 

8. Ferrie chloride—1 N. 

9. n-Hexane. 

10. Hydrochloric acid—6 N. 

11. Nitric acid—l16 N. 

12. Nitric acid—l10% (v/v). 

13. Nitric acid—l N. 

14. Methyl] orange indicator—0.1% (w/v) in water. 

15. Mixed indicator—0.1% (w/v) thymol blue + 0.1% (w/v) phenolyphtha- 
lein, in 50% aleohol. 

16. Phosphoric acid—85%. 

17. Sodium carbonate—3 N. 

18. Sodium cobaltinitrite reagent. Dissolve 23 ¢. of NaNO» in 50 ml. water. 
Add 7 eg. of glacial acetie acid and “2.6 g. of Co(CH3COO). - 4 H20 to 
the solution and let stand overnight. Filter and dilute to 100 ml. with 
water. Store in cold. (Note: Even in‘cold, this solution does not keep 
indefinitely. It should be made up in small quantities. ) 

6 N. 





19. Sodium hydroxide 


‘Model PCC-11A, Shielded Internal Proportional Counter, Nuclear Measurements Corp., 
Indianapolis, Indiana. Model CE-14, Low Background Beta Counter, Tracerlab Inc., Richmond, 


California. 
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20. Sodium chromate—1 N. 

21. Strontium, barium, and cesium carrier. Dissolve 211.6 g. of Sr( NOs)>, 
26.1 g. of Ba( NO) 0, and 19.5 g. of CsNOx3 in water and make up to 1 liter. 

LN. 

solid. 

5% (w/v). Dissolve 5 g. of 2-thenoyl-trifluoroacetone in 





22. Sodium nitrate 
23. Sodium nitrite 
24. TTA solution 

monochlorobenzene and make up to 100 ml. 











B. Preliminary sample preparation 
1. To one liter of whole milk at 20° C., add 1 ml. of mixed Sr, Ba, and Cs 
carriers and partially ash in a ‘‘ Vycor”’ silica dish (15). 

2. Complete the ashing in an electric muffle furnace at 450° C. for 18 hr. 


C. Chemical separation of radionuclides 
1. Treatment with nitric acid: 

a. Transfer ash to a 250-ml. beaker. Dissolve the residual ash in the ashing 
dish with 5-10 ml. of 6 N HCl by warming. Transfer the solution to the 
beaker. 

b. Add 10 ml. of 6 VN HCl to the ash in the beaker, and heat to near dryness. 

e. Add 10 ml. of cone. HNO: and heat to near dryness. 

d. Add 20 ml. of cone. HNOs and heat to near dryness. 

e. Add 40-50 ml. cone. HNO: and evaporate to about 30 ml. (Note 1). 

f. Transfer into a 50-ml. glass centrifuge tube, using a little concentrated 
HNOs to facilitate transfer. Cool in an ice bath for 15 min. ; centrifuge. 
Decant supernatant, retaining it for Part V. 

2, Add 3 ml. water (Note 2) and 10 ml. concentrated HNOsz to the residue 
(Note 3); warm in a water bath at 80° C. to promote solution. Add 
another 20 ml. of conc. HNOgs and continue heating for another 10 min. 
with occasional stirring. Cool in an ice bath for 15 min.; centrifuge. 
Transfer supernatant and combine it with supernatant (Step f) retained 
for Part V. 

h. Wash the solid (Note 4), if any, in the beaker (Step e) into the cen- 

trifuge tube with about 10 ml. of water. Warm the solution and make it 

alkaline (pH 9.0) with 6 N NH,OH, using 3 to 4 drops of mixed indi- 

eator. If no precipitate forms, omit Steps i and j (Note 5). 

Centrifuge and decant supernatant to a 150-ml. beaker, retaining it for 

Step k. Add a little water and 10-20 ml. of 3 N NaeCOz to residue. 

Digest in a water bath at 80° C. for 30 to 45 min. with occasional stir- 

ring; centrifuge. Decant supernatant, combining it (Caution) with 


the supernatant retained for Part V. 


Note 1. It will be helpful to make a rough calibration of the beaker beforehand. 

Note 2. All the volumes in Step g must be measured accurately to keep the concentration 
of HNOs at 64 to 65%. 

Note 3. The residue is largely strontium and barium nitrates. 
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j. Dissolve the precipitate in 1-2 ml. of 6 N HCl and again test for phos- 
phate with 6 VN NH,OH as before. If a large precipitate forms, repeat 
Steps h and i. If not (Note 6), combine supernatant with supernatant 
retained for Step k. 

k. Add exeess (5 ml.) 3 N NasCOsz to the combined solutions (Note 7) with 
stirring. Allow the mixture to stand for 5 min. with occasional stirring. 
Centrifuge; discard supernatant after testing it for completeness of 
precipitation with NasCQs. 


2. Separation of strontium and barium 

a. Dissolve the precipitate (Step 1-k) in about 2 ml. of 6 N HCl; warm to 
promote solution and to remove any COs. Neutralize the solution with 
6 N NH,OH, using methyl orange indicator. Dilute to 20 to 25 ml. with 
water. Add 10 ml. of ammonium acetate buffer. Warm solution in water 
bath, add 1 ml. of 1 N NasCrO,4, and digest in water bath for 5 min. Add 
1-2 drops of 1 N Ba(NOs3). and continue digesting for another minute 
or two with oceasional stirring. 

b. Add 5 ml. of water to BaCrO, precipitate, warm a little for 1-2 min., 
cool, centrifuge, and discard the washing. 

c¢. Transfer the BaCrO, to a tared planchet,? dry at 70 to 80° C.; cool in 
desiccator and weigh. Determine f-activity (Note 8) in an internal 
proportional counter (9). 

d. Make supernatant aikaline with 6 NV NH,OH and precipitate strontium 
with 3 to 5 ml. of 3 N NasCOz. Centrifuge and diseard the supernatant 
after testing it for completeness of precipitation with NagCOs. 

e. Wash the precipitate once with 25 ml. of water containing a drop of 
3 N NaoCO,. Centrifuge and discard the washing. 

f. Dissolve the precipitate in about 2 to 3 ml. of 6 N HCl, warm, dilute to 
20 to 25 ml. with water. Add 1 to 2 drops of 1 NV FeCls, heat in water 
bath, and make alkaline with 6 VN NH,OH. Digest for 5 min. Add an 
additional 1 to 2 drops of 1 N FeCl; and digest for 1 or 2 min. Remove 
the precipitate by filtration and discard. 

g. Add to the filtrate 1 to 2 drops of Ce + Zr carrier solution, dissolve any 
precipitate that forms with 6 N HCl. Warm solution and make alkaline 
with 6 N NH,OH. Record time (Note 9). Remove precipitate by fil- 


tration and diseard it. 


* Aluminum milk bottle caps are satisfactory for this purpose. 


Note 4. The beaker may still contain a little untransferred precipitate. 
Note 5. A precipitate at this point may indicate unremoved phosphate. 
Note 6. A small precipitate of silica which may be formed is discarded. 
Note 7. These solutions contain strontium and barium. 

Note 8. q-activity may also be determined as a rough measure of Ra 
Note 9. This is the time from which the ingrowth of Y®” is calculated. 


=8 content. 
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h. Add to the filtrate about 5 ml. of 3 NV NasCOs; to precipitate the stron- 
tium. Centrifuge and discard supernatant after testing it for complete- 
ness of precipitation. Wash precipitate with water containing a drop 
of 3 N NaeCOs and diseard washing (Note 10). Set aside precipitate 
for 2 wk. for ingrowth of Y*® (Note 11). 


3. Extraction of yttrium’? 

a. Dissolve the SrCO; (Step C-2-h) in 2 to 3 ml. of 6 NV HCl and transfer 
quantitatively to a 60-ml. separatory funnel with 20 to 25 ml. water. 
Neutralize with 6 V NH,OH, using methyl orange indicator. Add 10 ml. 
of ammonium acetate buffer. Extract the Y®’ from solution thrice, 
shaking each time for 5 min. with 5-ml. portions of TTA solution. Col- 
lect organic layers in a fresh separatory funnel. Save aqueous layer for 
total strontium determination. 

b. Add 20 ml. of n-hexane to the organic layer, to make it lighter than the 
aqueous phase. Wash solution twice with 5-ml. portions of acetate wash 
solution, combine washings with aqueous phase saved for total Sr. Back 
extract Y°® from organic phase three times with 5-ml. portions of 
1 N HNOs, transfer HNOs extract to a stainless steel planchet, evaporate 
to dryness. Flame planchet to remove residual acid or organic matter, 
cool, and determine Y® activity in a low background counter (4). Re- 
peat counting three days and five days after extraction to confirm purity 
of Y* by its rate of decay. 

c. Note time and date of counting. 


4. Total strontium 
Heat the aqueous phase (C-3-b) on a hot plate to remove any residual 
organic solvent. Make solution alkaline (pH 9.0) with 6 VN NH,OH and 
precipitate strontium with 3 N NasCOs; as before. Wash precipitate, 
transfer it to a tared aluminum planchet, dry, cool, and weigh. Determine 


B-activity as before. 


5. Determination of cesium activity 

a. Evaporate supernatant from Step C-1-f to dryness. 

b. Dissolve residue in about 100 ml. of 10% HNOs; add 2 mil. of 85% 
H3PQx,. 

¢. Warm solution to 50° C., add 40 ml. of ammonium molybdate solution, 
and stir solution mechanically for at least half an hour. 

d. Remove cesium ammonium phosphomolybdate precipitate by filtration 
through a sintered glass (fine porosity) crucible. Wash precipitate 
thrice with 50-ml. portions of 1 N NaNOs. 


Note 10. Total Sr activity may be determined, if desired, at this time. 
Note 11. After 2 wk. ingrowth, the activity of Y” is 970% of that of the Sr” present. 
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e. Add 5 ml. of 6 NV NaOH to the beaker to dissolve any untransferred pre- 
cipitate ; pour into the filter crucible. When the precipitate has dissolved, 
collect the solution in a 50-ml. glass centrifuge tube. Wash beaker and 
crucible several times with a little water and collect washings in same 
centrifuge tube. 

f. Add 2 g. of NaNOzs and 5 ml. glacial acetic acid to the solution and heat 
in a boiling water bath for at least 10 min. (Note 12). 

2, Cool in an ice bath, add 3 ml. of sodium cobaltinitrite solution, and let 
stand in ice bath for 10 min. with occasional stirring. 

h. Remove the precipitate by centrifugation ; discard the supernatant after 
testing it for completeness of precipitation. 

i. Transfer the precipitate to a tared aluminum planchet, dry, cool, and 
weigh. Determine £-activity in the sample as before. 


SPECIAL PROBLEMS IN COUNTING LOW-LEVEL §-ACTIVITY 


Efficiency of B-activity counter. To convert the observed counting rates of 
samples to absolute activity (disintegrations per minute), the efficiency of the 
counter must be determined. The efficiency, £, of an internal proportional counter 
is a function of counter geometry, G, backscattered radiation, B, and transmission 
of radiation through sample solids, 7 (self-absorption factor), written E = GBT. 
In the present study, values for G and B were obtained from Nader ef al. (16) ; 
whereas, the values for 7 were experimentally evaluated. Typical curves for 
counting yields due to self-absorption for strontium®’, barium, and cesium!** 
are presented in Figures 1, 2, and 3. 

In the low background anticoincidence counter which was employed for count- 
ing yttrium” activity only, the efficiency was determined, using NBS standards 
of strontium®?—yttrium®”’. The yttrium’? was separated from strontium®? aeccord- 
ing to the procedure described by Goldin (7). Aliquots of yttrium*®’ were plated 
on the planchets employed for milk samples and counted. The absolute counting 
rates of Y®® were checked by counting similar aliquots in a 4 7 counter. After 
making necessary corrections for dead time and decay, efficiency of the counter 
was calculated, relating the observed activity to absolute activity. 

Treatment of data. To convert counting rates of sample to absolute units 
(upe.), the observed counts per minute are divided by 2.22 ER, where E is the 
fractional efficiency of the counter, R is the fractional chemical recovery, and 
2.22 disintegrations per minute are 1 pyc. 

Chemical recovery of the various nuclides was determined by tracer tech- 
niques, as indicated under Evaluation. For strontium, the results were checked 
by determining the chemical recovery of the added carrier by flame spectropho- 
tometry and were found to be similar. 

Since barium? has a half-life of 12.8 days, the observed counting rates must 
be corrected for (a) ingrowth of lanthanum? between separation of barium from 
strontium and time of counting, and (b) decay since collection of the sample. 


Note 12. NaNOz is used to destroy ammonium ions. 
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Fig. 3. Counting yield of cesium™ due to self-absorption. 


The former factor was ignored, since the samples were counted immediately after 
separation and the barium '*° activity was not of sufficient consequence to warrant 
high accuracy. Yttrium®® has a half-life of 64 hr., making it necessary to correct 
observed activity to time of separation from strontium” by the relationship : 


A=A,™ 


where A is observed activity, A, is activity at time of separation, ¢ is interval 
between time of separation of yttrium®® and counting, and A is the decay constant 
equal to 0.693/t1/2, where t,,/2 is the half-life of yttrium®®. The corrected counting 
rates are converted to absolute units, as indicated above, taking into consideration 
the fractional chemical yields of strontium and yttrium, respectively. 


EVALUATION 
All milk ash samples employed in the evaluation were prepared by ashing 
90 g. of nonfat dry milk solids with added strontium, barium, and cesium carriers. 
In general, the method was evaluated by tracer techniques. The samples, with 


appropriate radionuclides, were processed as described under Procedures, the 
fraction or fractions of interest isolated, and recovery determined by gamma- or 
beta-counting as applicable. The following isotopes were employed for evaluation : 
Sr (85+89) Balt? (+La!??), Cs 157, and Y*. 

Strontium. The recovery of strontium added to milk ash is 82% + 2% 
(Table 1). Loss of strontium in the barium fraction was less than 1%, and in 
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TABLE 1 
Recovery of added Sr“ to milk ash 


y-Activity (counts/min ) 


Sample Added Found Recovery 
(%) 
1 180 390 81 
» 960 S20 85 
3 1,920 1,540 80 
4 2,880 2,300 80 
5 3,840 3,100 81 


Av. 8122 


the nitric acid supernatant was 8% + 2%, the latter constituting the major stron- 
tium loss. 

Yttrium extraction. Yttrium is extracted from solutions buffered at pH 5.0 
(7). Since the extraction of yttrium with TTA is a function of pH, it was neces- 
sary to determine whether the pH adjustment is critical. 

Twenty-milliliter portions of ammonium acetate buffer solutions were ad- 
justed to pH values of approximately 2.4, 4.4, 4.9, and 6.25. The solutions were 
transferred to 60-ml. separatory funnels. A 1-ml. solution of Y®! with known 
activity was added to each sample, and extracted with 5 ml. of TTA solution. The 
aqueous and organic phases were separated and their f-activities determined. 
The separatory funnel was then washed thrice with 5-ml. portions of water and 
the washings discarded. Each separatory funnel was washed with 4 ml. of 1 NV HCl 
and the B-activity of the acid wash measured to determine the amount of Y*! 
which had been absorbed on the glass. 

The results presented in Table 2 show the variation of yttrium extraction 
by TTA with pH. The optimum pH is between 4.4-5.0 under the experimental 
conditions studied. At lower pH, less yttrium is extracted, while at higher pH, 
there is a tendency for greater loss of Y°! by adsorption on the glass. Therefore, 
for best extraction of Y*', a pH close to 5.0 is required. 

Recovery of yttrium. Varying amounts of Y®*! were added to 1-ml. portions 
of 2 N Sr(NOsz)-s solution in 60-ml. separatory funnels. Strontium nitrate was 
added to replace SrCOs; in the regular samples. The solutions were treated as 
described under Section C-3. The results are presented in Table 3. 


TABLE 2 
Effect of pH on the extraction of Y” with TTA 
8-Activity (counts/min ) 


Total 


Aqueous TTA (Aqueous + On glass 
pH Added phase phase TTA) wall Recovery 
(%) 
2.4 43,160 36,000 450 36,450 30 84 
4.4 43,160 8,000 33,250 41,250 120 96 
5.0 43,160 2,400 38,850 41,250 80 96 


6.3 43,160 200 38,200 38,400 


470 89 
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TABLE 3 


Reeovery of added Y” 


B-Activity (counts/min ) 


Sample Added Found Recovery 
(%o) 

l 6 48 80 

2 119 82 69 

3 129 144 &3 

4 210 161 76 

5 210 167 79 

6 210 161 77 

7 239 183 77 
Av. 774 


The recovery of Y®' was 77% + 4%. Since the extraction of Y®! by TTA is 
almost quantitative, the low recovery is due to incomplete back-extraction of 
Y*! by 1 V HNOs3.* 

Effect of yttrium carrier on recovery. Conceivably, recovery of Y®! might be 
improved by addition of yttrium carrier prior to TTA extraction. This hypoth- 
esis was tested by measuring the extraction of Y®! from samples with and without 
0.01 meq. of yttrium carrier. No difference in the results was observed, indicating 
that the yttrium carrier has no effect upon the recovery of added Y®*?. 

Barium. To determine the effect of pH on the precipitation of barium 
chromate, 20-ml. portions of ammonium acetate buffer solutions adjusted to pH 
values of 1.5, 3.5, 4.0, 4.5, 5.0, and 6.5, respectively, were placed in 50-ml. cen- 
trifuge tubes. One milliliter of 0.1 N Ba( NOs) and tracer Bal?? (+La!?’) were 
added, and barium chromate was precipitated in the usual manner. The BaCrO, 
precipitate was separated and allowed to stand for approximately 10-12 days 
so that transient equilibrium would be established between Ba!*® and its daughter 
La'*’, The y-activity of the various samples was measured on a y-ray spectrom- 
eter, using the Ba'*® peak at 170 Kev. and the La!*® peak at 830 Kev. 

The data in Table 4 show that precipitation of BaCrO, is independent of pH 
in the range 3.5 to 6.5, falling off slightly at pH 1.5. Although pH adjustment 


*Tf 1 N HCl is used instead of 1 N HNOs, recovery of yttrium is increased to 95%. How- 
ever, this necessitates use of copper planchets, which are less resistant to oxidation or heating 
than stainless steel. 

TABLE 4 
Precipitation of barium chromate at various pH’s 





y-Activity (counts/min ) 





Ba’ peak at 170 Kev La’ peak at 830 Kev 





Ba ———— . Ba 
pH Added Found pptd. Added Found pptd. 

(%) (%) 
1.5 29,060 26,540 9] 17,700 16,290 92 
3.5 29,060 27,670 95 17,760 17,040 96 
4.0 29,060 28,170 97 17,700 17,300 97 
4.5 29,060 28,030 96 17,700 17,000 96 
5.0 29,060 27,550 95 17,700 16,900 95 
6.5 29,060 27,660 95 17,700 


17,010 96 
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exactly to 5.0 is not a critical factor, as far as BaCrO, precipitation is concerned, 
it is necessary to control the pH at 5.0 or less to avoid strontium contamination. 
The results are the same whether calculated from the barium or lanthanum peak, 
since transient equilibrium between Ba!*® and La!?® was reached. 

The results on the recovery of added Ba'*® to milk ash samples are presented 
in Table 5. Again, the recoveries calculated from barium and lanthanum peaks 
are the same. On an average, 85% + 4% of the added Ba!*® was recovered. Con- 
tamination of barium in the strontium fraction was not detectable. As in stron- 
tium, the major source of barium loss was the nitrate separation step. 

Cesium. The data presented in Table 6 show that approximately 96% + 3% 


TABLE : 


Recovery of Ba'” added to milk ash 


y-Activity (counts/min y-Aetivity (counts/min ) 





La’ peak at 830 Kev 























Sample Added Found Recovery Added Found Reeovery 
(%) (%) 
l 29,060 85 17,700 15,630 88 
2 29,060 87 17,700 15,580 88 
3 29,060 82 17,700 15,550 82 
4 29,060 25,660 88 17,700 15,660 88 
5 29,060 25,010 86 17,700 15,100 85 
6 29,060 22,950 79 17,700 13,790 78 
Av. 854 Av. 854 
TABLE 6 
Reeovery of added Cs™ to milk ash 
y-Aetivity (counts/min ) 
Sample Added Found Recovery 
(%) 
1 9,740 9,270 95 
9 9,740 9,000 92 
3 9,740 9,540 98 
4 9,740 9,180 94 
5 9,740 9,640 99 


Av. 9643 


of the Cs!" added to milk ash is recovered. Although this is very satisfactory, 
it should be recognized that in order to obtain true cesium values, the milk 
should be ashed below 450° C., since above this temperature severe losses of Cs!37 
oceur (18). 
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A METHOD FOR THE RAPID ASHING OF MILK FOR 
RADIONUCLIDE ANALYSIS 


G. K. MURTHY anp J. E. CAMPBELL 
Milk and Food Research Program, Robert A. Taft Sanitary Engineering Center, 
Cineinnati, Ohio 


SUMMARY 

A method for the rapid ashing of milk and milk products for analysis of radionuclides 
has been described. Based on the results of calcium analysis, this method is reproducible 
and accurate and is in agreement with the results obtained by the usual ashing procedures. 
With this method, ashing time for liter quantities of milk is shortened, and only the 
nominal attention of the operator ‘is required, other than assembling and cleaning the 
apparatus. It has been found that with adequate equipment, one technician can reduce 
six to eight samples of milk to ash in one work day. This rapid method has been a 
major factor in establishing the practicality of a routine monitoring program for 
radionuclides in milk. 

An initial step in most radiochemical analyses of biological substances is the 
removal of organic materials. This is generally accomplished by either wet or dry 
ashing of the sample. The several ashing procedures suitable for milk or similar 
products (1, 5, 7) have been designed for relatively small quantities of sample. 
For example, in wet ashing (5), a sample (5-100 ml.) is digested with concen- 
trated nitric acid in a Kjeldahl flask until brown fumes cease to be evolved 
and it is then treated with perchloric acid until heavy white fumes appear. In 
dry ashing (1, 7), the sample (5-100 ml.) is evaporated to dryness in a suitable 
container over a steam bath or in an oven maintained at 105 to 110° C., after 
which it is ashed in a muffle furnace. 

The determination of specific radionuclides in fluid milk as conducted by 
the Public Health Service (3) requires a large sample (one liter) because of the 
low concentrations of radionuclides. In a routine operation, considerable at- 
tention must necessarily be given to efficient and rapid methods of analysis. The 
results of preliminary trials indicated that scaling-up the conventional ashing 
would not be satisfactory. Both wet and dry techniques were found to be slow 
and to require almost constant attention from the analyst. In spite of these dis- 
advantages, various laboratories (4, 6) have adapted them for ashing large 
quantities of milk. A rapid technique has been developed by the Atomic Energy 
of Canada (2), but it was found to be unsatisfactory for routine analysis. There- 
fore, to ash large quantities of milk in a short period, and to process large numbers 
of samples, the rapid method presented here has been developed. 

MATERIALS AND METHODS 
Apparatus 

a. ‘‘Vycor”’ silica evaporating dish, 350-ml. capacity. 

b. Blast burner suitable for use with compressed air and gas. 

ce. Low-volume variable flow pump, 0 to 20 ml. per minute. 

d. Rotating evaporating dish holder. Construction details for a satisfactory 


Received for publication April 13, 1959. 
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Fig. 1. Construction details of the rotating evaporating dish holder: (A) metal frame for 
evaporating dish, (B) insulator coupling, (C) baek gear electric motor (6 or 8 r.p.m.), 
(D) asbestos sheet covered with aluminum foil, (E) ventilated enclosure, (F) screws, (G) ball 





bearing, (H) shelf for supporting motor, (I) asbestos padding. 
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holder are presented in Figure 1. Although the design is not critical, the 
unit must be built to operate under high ambient temperatures. 

e. Separatory funnel, two-liter capacity. 

f. Water-cooled condenser, 200 mm. in length, with modified water inlet 
(Figure 2). 

g. Dispensing nozzle. The dispensing nozzle consists of a glass tube, 30 to 35 
mm. in length by 5 mm. inside diameter, one end of which is pulled to a 
tapered tip and bent at an angle of 45 to 60 

h. Muffle furnace. 

i. Hood or suitable enclosure for operation of equipment. 





Fig. 2. Complete assembly for rapid ashing of milk: (A) separatory funnel, (B) variable 
flow pump, (C) water-cooled condenser, (D) dispensing nozzle, (E) ‘‘Vycor’’ silica dish, 


F) rotating Cish holder, (G) blast burner. 


Procedure. One liter of milk at 20° C. is transferred from a volumetric flask 
to a separatory funnel. A rubber tube attached to the end of the funnel is con- 
nected to the variable flow pump. The funnel and the pump are placed outside 
the hood to protect them from the heat of the blast burner. The dispensing nozzle 
is passed through the water-cooled condenser and is connected to the pump outlet 
by means of a rubber tube. The condenser is placed at approximately a 90° angle 
to the burner to avoid overheating the nozzle. The evaporating dish in which the 
milk is ashed is placed in the rotating dish holder which fits into the metal ring of 
the turntable. The dish is heated directly by the blast burner and the intensity of 
the flame is controlled by adjusting the amount of gas or air. The milk is pumped 
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from the flask through the dispensing nozzle and is allowed to drop into the 
heated crucible at approximately 5 to 8 ml. per minute. The rate of flow and 
intensity of heat are so adjusted that the milk is completely evaporated and 
partially charred and no fluid milk accumulates in the evaporating dish. The 
condenser keeps the milk cool and prevents heat coagulation in the nozzle. Splat- 
tering is minimized by maintaining a distance of about 0.5 in. between the nozzle 
and the lip of the crucible. The cushioning action of the charred milk as it col- 
leets in the dish also aids in this regard. 

After the liter sample has been pumped into the evaporating dish, requiring 
usually about 2.5 to 3 hr., the separatory funnel and connecting tubes are washed 
three times by pumping 20-ml. portions of warm distilled water through the 
assembly. Ashing is continued on the turntable for about 1 hr. and then the 
crucible is transferred to the muffle furnace for 12 to 24 hr., depending on the 
temperature required. To minimize losses of cesium, the temperature should not 
exeeed 450° C. (8). If this element is of no interest, the temperature may be 
raised safely to 550-600° C. 


RESULTS AND DISCUSSION 

Types of crucibles for ashing milk. A suitable type of dish for the complete 
ashing operation had to be heat- and shock-resistant and one which would not 
interfere in the analysis of radionuclides. Iron, nickel, and ‘‘Vycor’’ silica 
crucibles were tried in the ashing process described. Iron vessels blistered, form- 
ing seale during the period in the muffle furnace, which contaminated the ash 
and interfered with the chemical separation of the radionuclides. The nickel cru- 
cibles fractured after one or two ashings, either during heating with the burner or 
in the muffle furnace, making quantitative collection of ash impossible. The 
‘‘Vyeor’’ silica dishes proved highly satisfactory, since they held up under the 
ashing operation and did not contribute materials to the sample which interfered 
with the subsequent analyses. 

Comparison of the rapid with the conventional ashing method. To determine 
whether the rapid ashing method is satisfactory and comparable to the conven- 
tional methods, 1,000-ml. aliquots of several samples of fresh raw whole milk 
were ashed by the rapid procedure described. Fifty-milliliter aliquots of the 
same milk samples were also ashed in platinum crucibles, according to the method 
of Overman et al. (7). Calcium determinations on aliquots of the various ash 
solutions were made according to the procedure described by Overman et al. (7). 
The results are summarized in Table 1. Calcium content of milk was chosen as 
the basis for comparison, since it is a nonvolatile element and its concentration 
can be determined easily with a high degree of precision. 

Statistical analyses of these data indicate that the calcium values obtained 
from ash by the rapid method are not significantly different from those obtained 
from ash prepared by the Overman (7) method. 

Recovery of calcium added to milk by the rapid ashing method. To deter- 
mine the accuracy of the rapid ashing method, a single sample of fresh raw whole 
milk was obtained and was divided into seven 1,000-ml. aliquots. Caleium in 
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TABLE 1 


A comparison of the ashing methods for milk* 
Rapid ashing method Conventional ashing method 


—— (calcium meq/t)- 


56.06 56.77 
52.30 52.32 
56.66 56.45 
55.28” 55.56 
56.11 56.49 
55.28 55.51 


“ Based on caleium content of milk. 
" Average of five ashings. 
Analysis of variance 


Source of Degrees of Sum of Mean Variance Signifi- 

variance freedom squares square ratio cance 

Method ] 0.139 0.139 2.25 N.S. 

Samples 4 25.445 6.361 102.9 V.S. 
' Error 4 0.247 0.0618 

Total 9 25.831 


amounts of 4.81, 7.21, 9.62, 12.02, 14.42, and 19.23 meq. as solutions of calcium 
chloride were added to six of the aliquots, respectively, and were ashed in 
‘*Vycor’’ silica dishes as previously described. Calcium analyses were made on 
aliquots of the ash solutions and the results are presented in Table 2. 

The data show that recovery of added calcium to milk is 100.17% + 2.49% 
and is judged to be satisfactory for the purpose intended. 

Application of the method to other dairy products. To determine the appli- 
eability of the rapid technique for ashing dairy products other than milk, tests 
were made on ice cream and coffee cream. About 1,000 g. of ice cream were 


TABLE 2 


Reeovery of added calcium to milk by the rapid ashing method 





Added Found Recovery 
(calcium meq/l)——_—_ (%) 
0.90 54.59 
4.81 59.45 101.04 
a2 61.84 100.56 
9.62 64.62 104.26 
12.02 66.26 97.09 
14.42 68.75 98.20 
19.23 73.81 99.90 


Av. 100.17 + 2.49 





TABLE 3 


A comparison of ashing methods for dairy products* 


Conventional ashing 
Sample Rapid ashing method method 


— - ——(calcium meg/1,000g.)- ———— 


Ice cream 79.07 79.22 


Coffee cream 50.10 50.60 


* Based on calcium content of milk. 
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weighed and melted, and quantitatively transferred to the separatory funnel. 
The sample was ashed as described before. Similarly, 1,000 g. of coffee cream 
were ashed. Calcium analyses on aliquots of the ash solution (Table 3) were com- 
pared with those obtained by the usual procedure and were found to be in good 


agreement. 
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CHEMICAL STABILITY OF INDICATORS AND SUBSTRATE- 
INDICATORS USED FOR THE DETECTION OF 
PHOSPHATASE ACTIVITY 


R. W. HENNINGSON'anp F. V. KOSIKOWSKI 
Department of Dairy Industry, Cornell University, Ithaca, New York 


SUMMARY 


The reagents 2, 6-dibromo-N-chloro-p-quinoneimine (BQC), N, 2, 6-trichloro-p-qui- 
noneimine (CQC), phenolphthalein phosphate, and p-nitrophenyl phosphate, in powder 
form and as solutions, for use as indicators or substrate-indicators in phosphatase testing, 
were stored under a variety of conditions, to observe rates of deterioration. 

CQC reagent was remarkably superior to BQC in maintaining chemical stability over 
long periods of time. Storage conditions for maximum stability of the four reagents 
were determined. BQC and CQC powder may be stored at any temperature between —5 
and 20° C. for as long as 1 yr. BQC solutions may be stored at —5° C. for not longer than 
30 days. CQC solutions may be stored at 5° C. for as long as 258 days. Phenolphthalein 
phosphate powder may be stored at —5° C. as long as 1 yr., whereas solutions of this 
reagent may be stored at —5° C. as long as 258 days. Powdered p-nitrophenyl phosphate 
may be stored at —5° C. as long as 105 days, and solutions of this reagent may be stored 
at —5° C. as long as 81 days. 

The indicators CQC and BQC, in solution, are best kept in dark brown, well-stoppered 
glass containers, while the two substrate-indicators are best protected in clear glass, well- 
stoppered containers. 

CQC and BQC were compared relative to their solubilities and rate and intensity of 
color development in simple model systems and in actual milk phosphatase systems. In 
absolute methanol, absolute ethanol, and 95% ethanol, CQC was rapidly and completely 
soluble. BQC was readily soluble only in absolute methanol. 

The rate of blue color development was influenced greatly by the chemical system in 
which the indicators reacted with available phenol. The rate was similar for both BQC and 
CQC in the zine sulfate—borate color development system associated with the Sanders and 
Sager method (8). In the trichloracetic acid—carbonate buffer color development system 
ot the Cornell phosphatase method, both indicators reacted more rapidly with the available 
phenol. Maximum color development for each indicator was attained four times faster 
at 37° C. and twice as fast at 25° C. in the trichloracetie acid—carbonate system. The 
data show that maximum color can be developed in the Cornell method in 15 min. at room 
temperature, rather than the earlier recommended 15 min. at 37° C. 

in the trichloroacetic acid—carbonate system CQC developed slightly more blue color 
than BQC at high levels of free phenol, but at low levels no differences were observed. 

The chemical stability, solubility, and rate and intensity of color development indicate 
that CQC is more suitable for use as an indicator for phosphatase testing than is BQC. It 
should receive preference in the future. 


The phosphatase test developed by Kay and Graham (5) in 1935 for the detec- 
tion of raw and underpasteurized milks utilized Folin’s and Ciocalteau’s reagent 
as an indicator of phenol. Later, because of the relative nonspecificity of this 
indicator for phenol, Scharer (11) substituted 2,6-dibromo-N-chloro-p-quinone- 
imine (BQC). The quinonechloroimines earlier had been shown by Gibbs (4) 
to combine with phenol to produce a deeply colored blue indophenol. Dihalo- 
gen-substituted quinonechloroimines, BQC and N, 2,6-trichloro-p-quinoneimine 

CQC), were most sensitive and stable in their reactions with those phenols in 
which the position para to the hydroxyl group was unsubstituted (4). Before 
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a method of testing for the efficiency of pasteurization was known, these indi- 
cators were found useful for detecting small amounts of phenol in water supplies. 

In the two phosphatase methods most recently developed for all dairy prod- 
ucts, the Sanders and Sager (9) and the Cornell (6) methods, the indicator BQC 
was designated. Both methods refer to the possible use of CQC. For example, 
Sanders and Sager favored CQC in their rapid field test for Cheddar cheese (8), 
but not in their laboratory method. It was pointed out that CQC appeared more 
stable and was less adversely affected by protein interference. Scharer (12) 
favored CQC because of better chemical stability. Despite this trend of thought, 
BQC is designated and used in most phosphatase methods and little emphasis 
has been placed on the use of CQC. 

In certain modifications of the phosphatase test, substrate-indicators—form- 
ing characteristic colors in alkaline solution after hydrolysis by the phosphatase 
enzyme—may be used instead. Two examples of these substrate-indicators are 
phenophthalein phosphate and p-nitrophenyl phosphate, which form pink and 
yellow-green colors, respectively, in alkaline solution. 

A matter of constant concern in phosphatase testing is the chemical stability 
of indicators or substrate-indicators. BQC powder, on standing, may change 
from the original lemon color to a brown. In this form, BQC loses the ability to 
form any, or at best maximum, blue color with free phenol (4). Little is known 
about the stability of CQC powder, but it appears to be more resistant to deecompo- 
sition than BQC (8, 11). In solution, the chemical deterioration of the two indi- 
cators is conceivably accelerated. Instability of the substrate indicators presents 
a more acute problem. Here decomposition frees the indicator group within the 
moleeule, spontaneously yielding the pink or yellow-green color, depending on 
which substrate-indicator is used. The decomposition of the substrate indicator 
makes the buffer-substrate as well as the indicator useless for the detection of the 
phosphatase enzyme. 

Brief statements, in general terms, appear in the literature concerning the 
deterioration of these indicators (1, 2, 4, 8, 11, 12). A paucity of scientific data 
concerning the general merits of CQC and BQC, relative to time and conditions 
of decomposition and their behavior in the two phosphatase methods used for the 
testing of all dairy produets, led to the present study. 


METHODS 

Powdered samples, from a single source, of the indicators CQC and BQC and 
of the substrate-indicators phenophthalein phosphate and p-nitrophenyl phos- 
phate, were placed in storage at —5, 5, and 20° C. in both brown and clear glass 
ontainers, with and without desiccation. Observations on stability were made 
it regular intervals over a period of about 1 yr. Powdered BQC and CQC 
samples were periodically dissolved in absolute ethyl aleohol at a concentration 
f 0.017 ¢/3 ml. The prepared indicators were then tested in model systems 
onsisting of 5 ml. of Cornell buffer (6) and 0.07 ml. of freshly prepared phenol 
solution (1 ¢/500 ml. water). Cornell buffer is prepared by dissolving 11.50 g. 
anhydrous NasCOs; and 10.15 g. anyhydrous NaHCO, in distilled water and 


making up to a volume of one liter. Two drops of indicator, measured with a 
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dropper delivering 45 drops/ml, were added to the model system to produce 
the indophenol blue color. The substrate-indicator powders were removed from 
storage and dissolved in Cornell buffer at concentrations of 0.01 g. powder/15 
ml. buffer. 

Indicators and substrate-indicator solutions were stored at the same tempera- 
tures in brown and clear glass containers and examined for decomposition over 
a 9-mo. period in the same model systems. CQC and BQC were stored as alcoholic 
solutions at concentrations of 0.30 ¢/50 ml. of absolute ethyl 2leohol. The sub- 
strate-indicators were stored in Cornell buffer at a concentration of 0.67 g/liter 
for phenolphthalein phosphate and 0.20 g/liter for p-nitrophenyl phosphate. 

The light transmission of all solutions was measured in a Beekman Model DU 
quartz spectrophotometer, using Cornell buffer as 100% transmission. Measure- 
ments were made at the following wave lengths and slit widths: BQC and CQC, 
590 mp and 0.06 mm.; phenolphthalein phosphate, 555 my» and 0.10 mm., and 
p-nitrophenyl phosphate, 390 my and 0.36 mm. 

The sensitivity and behavior of CQC and BQC as indicators were observed 
in a variety of ways. Equimolar solutions of these indicators were prepared in 
absolute methanol, absolute ethanol, and 95% ethanol. For most applications, solu- 
tions with concentrations of 50 mg. BQC/10 ml. aleohol and 37 mg. of CQC/10 ml. 
of alcohol were studied. These solutions prior to use were kept at —5° C. and 
when needed for testing were dispensed with a dropper delivering 45 drops/ml. 
For comparison of rate and intensity of blue color produced in the presence of 
known concentration of phenol, two drops of indicator was added to 10 ml. of 
Cornell buffer containing graded amounts of phenol. Color was developed at 
37° C. for 30 min. 

To test indicator performance in milk containing active phosphatase, highly 
heated milks (180° F. for 5 min.) containing 0.0, 0.1, 0.2, 0.8, and 0.4% added 
raw milk were prepared. The rate and intensity of color developed, using BQC 
and CQC under conditions recommended for the Cornell method and the Sanders 
and Sager method (8), were followed with stop watch and spectrophotometer. 
Two drops of indicator were used in each method (excess). The transmission 
readings were made at 610 mp and a slit width of 0.0575. These samples were 
transferred to cuvettes after the addition of the indicator at the proper tempera- 
tures and first readings were made at 5 min. Successive readings were made each 
minute until maximum color was developed. Maximum color was taken as the 
point at which successive readings indicated less than 0.5% change in transmission 
value. 

Reagents were obtained from the designated source.*. The indicators from 
several sources showed similar results, but the results presented are for the first 
source listed. 


“CQC from Distillation Products Industries, Eastman Organic Chemicals Dept., Roch- 
ester 3, New York, and Applied Research Institute, 2 East 23rd St., New York 10, New York. 
BQC from same two sources. Phenolphthalein phosphate from Sigma Chemical Co., 4648 Easton 


Ave., St. Louis 18, Missouri. p-Nitrophenyl phosphate from Sigma Chemical Co. 
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RESULTS 

Deterioration of indicators and substrate-indicators on storage. Decomposition 
of CQC and BQC is readily measured in model systems by a decrease in the 
indophenol blue color formed, resulting in an increase in light transmission values. 
Eventually, when decomposition is advanced, this blue color is completely dis- 
sipated and replaced by a brown color. Substrate-indicator decomposition was 
easily measured by the presence of pink or yellow-green color in the white 
powders or colorless solutions, resulting in a decrease in light transmission values. 

Neither the BQC nor CQC powders displayed any signs of deterioration during 
the l-yr. storage period under the conditions of storage employed (Table 1). 
The yellow color of both powders was maintained and the only evidence of 


TABLE 1 


Rate of chemical decomposition of powdered indicators, 2,6-dibromo-N-chloro-p-quinoneimine 
(BQC) and N, 2,6-trichloro-p-quinoneimine (CQC), used in phosphatase testing 


Time (wk.) 








0 5 15 28 36 2 
Condition of —_— —_— . 
storage Transmission values* 
fG.3 - (Uo) —_—— 
2,6-Dibromo-N-chloro-p-quinoneimine (BQC ) 
20 W 28 2.4 3.6 3.0 3.0 Ld 
20 B 3.5 2.3 3.5 2.8 4.6 La 
20 W-D 3.3 4.1 2.9 3.5 2.5 2.2 
20 B-D 3.5 2.6 3.0 2.8 2.6 1.9 
—5 W ae § 3.0 2.4 yw f 3.3 2.1 
5 W 3.7 3.1 29 2.5 2.3 1.6 
5 3 a | 3.5 3.1 28 2.1 1.9 
5 W-D 3.1 2.23 3.3 3.5 2.0 2.1 
5 3—-D 29 2.5 2.9 3.0 2.8 2.5 
N,2,6-Trichloro-p-quinoneimine (CQC ) 
20 W 1.8 2.3 2.3 1.] 2.2 1.6 
20 B 1.8 1.8 2.6 1.3 2.0 1.3 
20 W-D 2.3 2.7 2.3 4 1.9 1.0 
20 B-D 1.8 2.2 2.2 1.] 1.8 1.4 
—5 W 1.8 2.6 2.1 1.6 3.0 1.4 
5 OW 1.6 2.6 2.0 23 2.8 3.2 
5 B 1.5 2.3 2.4 2.3 2.7 2.6 
5 W-D 1.6 2.2 a 23 1.4 1.5 
5 B-D 1.6 2.5 1.9 2.2 2.6 1.3 


W—Colorless bottle, well-stoppered. 
B—Brown bottle, well-stoppered. 
D—Held in desiccator. 
“Decomposition increases with increase in per cent transmission. 


change occurred in samples stored at —5° C. These samples became lumpy, due 
to moisture retention. 

Storage of the alcoholic solutions of these same indicators produced marked 
changes, especially with BQC (Table 3). The zero-time measurement of freshly 
prepared BQC and CQC solutions gave light transmission readings of about 2%. 
At 20° C. BQC deterioration was rapid and in less than two days, in both types 
of glass containers, this indicator failed to develop any blue color in the model 
systems, whereas transmission values rose to 90%. Measurable deterioration 
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oceurred in less than six days at 5° C. and in less than 53 days at —5° C., in both 
types of glass containers. 

CQC solutions proved remarkably stable. In clear glass containers at 20° C., 
signs of deterioration were not evident until after 30 days; whereas, in brown 
glass containers CQC solutions were stable for 95 days. At 5 and —5° C. no 
deterioration was evident after 258 days, the length of time measurements were 
made. 

TABLE 2 
Rates of chemical decomposition of powdered substrate-indicators, phenolphthalein phosphate, 


and p-nitrophenyl phosphate, used in phosphatase testing 


Time (wk.) 


0 5 1] 15 20 24 28 36 52 
Condition - 
of storage Transmission values* 
(°C) —__——— S$ $$ $$  Y ) ————————————__—__—_— 
Phenolphthalein phosphate (PPO,) 
20 W 62.0 59.5 59.0 57.5 53.5 48.0 50.0 45.5 51.5 
20 3 59.0 58.5 59.0 58.0 54.0 50.0 51.0 46.5 51.0 
20 W-D 59.5 58.0 57.0 52.0 49.0 47.0 46.0 39.0 38.0 
20 B-D 60.0 55.5 53.0 52.0 44.5 44.0 47.0 41.0 40.0 
—5 W 60.5 61.0 61.0 61.5 56.5 59.5 60.0 60.5 61.0 
5 W 60.0 61.5 64.5 
5 3 59.5 62.5 62.0 63.5 57.5 64.0 63.5 
5 W-D 61.0 60.5 60.0 62.0 57.5 59.0 58.0 57.0 59.0 
5 3—-D 60.0 59.5 57.0 57.0 52.5 57.5 55.0 55.0 55.5 
p-Nitrophenyl phosphate (PNPPO,) 
20 OW 75.0 72.0 67.0 62.5 57.0 42.0 61.0 47.0 60.5 
20 «=~&B 77.0 73.5 67.0 61.0 51.0 40.5 61.0 57.5 63.0 
20 W-D 75.5 63.0 38.5 26.0 26.0 5.3 18.5 32.0 18.0 
20 B-D 76.0 64.0 44.0 23.0 24.0 20.0 20.0 31.0 18.0 
—5 W 76.0 78.5 74.0 70.0 58.0 46.5 69.5 77.0 70.0 
5 W 72.0 79.5 74.0 71.5 64.0 52.0 72.0 65.5 73.5 
5 B 73.0 78.0 71.0 71.0 63.0 58.0 72.0 60.5 73.0 
5 W-D 73.0 74.5 64.0 65.0 44.5 53.5 46.5 58.5 49.0 
5 B-D 73 


0 78.0 67.0 66.0 57.5 54.5 70.0 67.5 58.0 


W—Colorless bottle, well-stoppered. 
B—Brown bottle, well-stoppered. 
D—Held in desiccator. 
*—Decomposition increases with decrease in per cent transmission. 


Phenolphthalein phosphate powder stored at 20° C. decomposed slowly over 
a period of weeks. Deterioration was hastened if it was stored in a desiccator, 
but light was without effect. At 5 and —5° C. no deterioration was evident after 
l yr. of storage. After 15 wk. of storage, the 5° C. sample became gummy and 
difficult to sample, due to moisture retention. Data are shown in Table 2. 

Stored as a solution, phenolphthalein phosphate showed evidence of deteri- 
oration at 20° C. in less than 81 days in the clear glass containers and in similar 
containers covered with lead foil to exclude all light (Table 3). At 5° CGC. in 
clear glass containers decomposition was evident after 123 days and in lead 
foil-covered containers after 30 days. In the frozen state (—5° C.) phenol- 
phthalein phosphate was stable after 258 days, the duration of the experiment. 

The substrate-indicator, p-nitrophenyl phosphate, in powder form and in 


solution, was markedly less stable under all conditions of storage than phenol- 
phthalein phosphate. Stored as a powder in a desiccator, it deteriorated rapidly, 
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probably due to loss of water of hydration. This reaction may account for the 
erratic transmission values for this substrate-indicator after 24 wk. of storage 
as a powder, as shown in Table 2. The stability at 5° C. of the powder confirms 
the observations of Aschaffenburg (1). 

At 20° C. the p-nitrophenyl phosphate solutions deteriorated in less than 
24 days in clear glass containers and in less than 16 days in foil-covered con- 
tainers (Table 3). At 5° C. deterioration occurred in less than 81 days in clear 
glass containers and in less than 24 days in foil-covered containers. Freezing 
protected the substrate-indicator for about 53 days. 

Solubility of indicators in alcohols. The indicator, CQC, in concentrations of 
250 mg. solute per 50 ml. of solvent at 23° C. was completely and readily soluble 
in absolute methanol, absolute ethanol, and 95% ethanol, requiring only from 
2 to 6 min. to attain this state. BQC, on the other hand, was readily soluble only 
in absolute methanol. Despite the aid of mechanical grinding, BQC dissolved 
in absolute ethanol only after 60 min.; whereas, in 95% ethanol it was not dis- 
solved completely after 24 hr. 

Blue color development in model buffer system containing added phenol. The 
ability of CQC and BQC to produce color in 30 min. at 37° C. was tested in pre- 
pared buffer systems (pH 9.7) containing 1, 2, 4, and 8 y phenol. Color maxi- 
mums for each indicator, at each phenol level and in three alcoholic solvents were 
similar, indicating that in a simple model system devoid of protein or protein 
products, CQC and BQC, regardless of solvent, will react with known amounts 
of phenol to give the same intensity of color. 

Color produced by CQC and BQC with different levels of raw milk contami- 
nation in pasteurized milks. A highly heated negative control milk was contami- 
nated with levels of raw milk ranging from 0.1 to 0.4%. Split samples of milk 
were tested with the 18-hr. Cornell method, using two drops of either BQC or 
CQC as indicator. Color was developed at 37° C. for 15 min. 

At the 0.1% level of raw milk contamination the same intensity of color was 
produced by both indicators. With milks of greater raw contamination (0.2 to 
0.4% ), CQC produced a greater intensity of blue color than did BQC (Table 4). 
This increase, though not marked, seemed significant. As model systems showed 
no differences between the intensity of color produced by the two indicators, 
it is assumed that protein components.from the milk influenced the effectiveness 
of CQC in the production of greater intensities of color. 

Rate of color development as influenced by temperature and the type of phos- 
phatase test. The times required for maximum color development at 25 and 37° C. 
using CQC and BQC, are presented in Table 5. Since the Sanders and Sager 
test (8) employs widely different chemicals than the Cornell method, for pre- 
cipitation and for color development, these two different systems may influence 
the rate of color development. Temperature of color development had relatively 
little effect on color development with the Sanders and Sager system. Maximum 
color had developed in 30 min. at 25° C. and in 25 min. at 37° C. with BQC. 
When CQC was used under similar conditions, a slightly greater time for color 
development was required, 40 min. at 25° C. and 30 min. at 37° C. 
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TABLE 4 
Transmission values for milks containing 0.1-0.4% raw and incubated at 37° C. 
using BQC and CQC as indicator* 
(Average 12 trials) 


Sample BQC CQC 








Highly heated blank 


75.0 75.0 
0.1% Raw 62.0 62.0 
0.2% Raw 54.0 52.0 
0.3% Raw 49.0 45.0 
0.4% Raw 44.0 38.0 





“In trichloracetic acid—carbonate buffer color development system. 


TABLE 5 
Time and intensity of maximum color development using BQC and CQC as indicator 
in two buffer color development systems at two temperatures 
(Two drops each indicator) 
(Average two determinations ) 














Per cent Time Per cent Phenol Time Per cent Phenol 
raw added (min.) i y Y (min.) ei Y 
Zine sulfate—borate system“ 
25° C. 
BQC CQC 
0.1 30 69.5 6 40 75.0 5 
0.3 25 58.5 8 35 62.5 8 
0.5 25 50.0 13 25 52.0 13 
37° C. 
0.1 20 69.0 5 30 74.5 4 
0.3 25 58.0 10 30 61.5 10 
0.5 25 50.0 14 25 51.0 14 
Trichloracetie acid—earbonate system” 
25° C. 
BQC CQC 
0.1 15 55.5 12 15 52.0 13 
0.3 15 34.0 24 10 19.0 40 
0.5 10 29.0 32 10 11.5 >40 
37° C. 
0.1 5 58.5 10 15 52.5 13 
0.3 6 39.5 19 7 21.0 36 
0.5 5 32.5 28 4 14.0 >40 





From visual color standards. All 37° C. tests dropped to 34-35° C. in 30 min. 
“Sanders-Sager Method, pH 9.4. 
» Cornell Method, pH 9.7. 


With the Cornell phosphatase method color development system, the blue 
color development was significantly faster at either of the two temperatures 
(Table 5). For example, maximum color development using BQC was attained 
in 15 min. at 25° C. and in 6 min. at 37° C. Using CQC, a similar fast rate was 
recorded with the Cornell method. In addition, CQC gave a deeper blue color 
with the same milks than did BQC, but this phenomenon was restricted to the 
Cornell method, a confirmation of earlier observations made with model systems. 
Another interesting observation is that maximum color development is achieved 
faster with larger amounts of free phenol present. These data indicate clearly 
that the rate of color development with BQC and CQC is not only a function of 
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temperature but also of the nature of the color development system and perhaps 
of other factors. 


DISCUSSION 


Though Gibbs (4) found that BQC crystals undergo slight decomposition 
on standing, resulting in brown colors, none of the BQC or CQC powders used 
in this work turned brown. Perhaps if a storage period of greater than 1 yr. 
had been used, a change in color might have occurred, especially if moisture 
had been present. One sample of CQC powder (18 were stored) turned black 
during storage and when dissolved in absolute ethanol yielded a brown solution. 
Its ability to form blue indophenols was unimpaired. This color change in the 
powdered form was probably due to an impurity rather than a change in 
the indicator 

Other investigators (2, 3, 8, 10, 11, 12) have been aware of the instability 
of BQC solutions and these views were confirmed in this work. The remarkable 
stability of CQC solutions under storage conditions adverse for BQC has escaped 
general notice. 

Little information is available concerning factors affecting the stability of 
phenolphthalein phosphate, but Aschaffenburg (1) had observed that storage 
exposed to light in a dry state adversely affected p-nitrophenyl phosphate powders. 
His well-stoppered, air-dried preparations were maintained for years without 
forming yellow colors, in both cold rooms and at room temperature, without evi- 
dence of deterioration, if protected from strong light. In the present work, 
storage of powders in a desiccated state led to more rapid deterioration of the 
two substrate-indicators, but the solutions of these chemicals were provided 
better protection when stored under natural light than when stored in foil- 
covered containers which excluded all light. 

Phenolphthalein phosphate, BQC, and CQC powders showed hygroscopic 
properties when held at 5° C., which resulted in gumminess, making it difficult 
to sample these preparations. Presumably, moisture from warm air entered the 
tightly stoppered containers when they were removed from storage for sampling. 
Solutions of p-nitrophenyl phosphate began to show an erratic transmission pat- 
tern after 144 days of storage at —5° C. (Table 3). This may have been due to 
the slight solubility of the free indicator at room temperature, which removes 
yellow-green color from the solutions when the indicator exceeds its solubility. 
The erratic transmission patterns of the powders late in the storage period, pre- 
sumably due to loss of water of hydration, have been discussed under Results. 

The choice of an indicator for phosphatase testing may have an important 
bearing on the success of the finished test. Earlier literature indicates that 
CQC is preferable to BQC, despite the fact that BQC is most often recommended. 
Other attributes of these indicators have never been investigated. For example, 
a cursory observation commonly noted is that BQC, when added in amounts of 
from two to six drops to phosphatase filtrates containing very small amounts 
of free phenol, often turns reddish-brown. CQC, on the other hand, under similar 
circumstances creates little or no problem in this regard. Apparently, the differ- 
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ence in behavior is related to indicator stability in aqueous solutions and, per- 
haps, to the presence of soluble protein components in the filtrate. 

Observations of Sanders and Sager (9), that maximum color development 
in their method when phenol and BQC react requires 30 min. at room tempera- 
ture, were confirmed. It was observed that maximum color development was 
achieved significantly sooner in the chemical system of the Cornell method. At 
37° C., maximum color was produced four times faster and at 25° C. twice as 
fast. This does not affect the sensitivity of either method, but the information 
permits color development in the Cornell method to proceed at room temperature 
for only 15 min., a simpler arrangement for the test. 

The reasons why the rate of color development is speeded so dramatically in 
the Cornell method is not fully understood, but may be a result of the greater 
efficiency of protein precipitation or the result of a catalytie effect of trichloro- 
acetic acid and/or carbonates used in this method. 

Attention should be directed to an observation made in the course of the 
present study which explains why color does not fully develop in some phos- 
phatase tests. A similar observation in the phosphatase testing of cheese has 
been recorded by Mahon et al. (7). When either indicator is added dropwise 
directly to the filtrate a brown discoloration appears at the surface. Quantitative 
measurements indicate that coincidently less blue color is realized per unit of 
phenol, particularly when BQC is used, and suggests some decomposition of the 
indicator in the aqueous solution before reaction with phenol. Complete color 
development and production is obtained when the indicator is added while the 
filtrate is being agitated. A simpler procedure, which accomplishes the desired 
result, is the pouring of the filtrate into a dry test tube containing the required 
number of drops of indicator. 
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FACTORS INFLUENCING METABOLIC ACTIVITY OF BULL 
SPERMATOZOA. IV. pH, OSMOTIC PRESSURE, AND THE 
CATIONS, SODIUM, POTASSIUM, AND CALCIUM 


R. G. CRAGLE’ anp G. W. SALISBURY 
Department of Dairy Science, University of Illinois, Urbana 


SUMMARY 


The combined effects of increasing pH from 4 to 8, of increasing potassium con- 


centration, at the expense of sodium, and of varying osmotic pressure on the aerobic 
metabolic responses of washed bovine spermatozoa provided with fructose have been 
determined in one experiment. Low pH and high potassium levels were found to be 
inhibitory of all measures of metabolism (oxygen uptake, fructose utilization, and 
lactic acid accumulation). Osmotic pressure had no significant effect. In a second 
experiment, variations in the calcium level of the diluent replaced the variations in 
the osmotic pressure. The inhibitory effect of potassium was eliminated by the presence 
ot calcium. Consequently, pH was the only variable affecting metabolic response. The 
uptake of fructose in the first few minutes after resuspension of the washed cells in a 
fructose-containing diluent is more rapid if the diluent has a pH of 5 than if it has 
a pH of 7.5, though on continued exposure the utilization ceases at the low pH but 
continues unabated at the higher one. 





Optimum preservation of the fertility function of spermatozoa after ejacu- 


lation is dependent upon reduction of their metabolic activity to minimum levels 


during storage and complete reversal of the inhibitory processes at insemination. 


Temperature control has been the inhibitory method of choice, with the diluent 


designed to provide protection against cold, and at body temperature to provide 
optimum conditions for motility and metabolic activity (4). These techniques 
have provided the basic advances responsible for the development of commercial 
artificial insemination of cattle since the discovery by Phillips (12) of the value 


of hens’-egg yolk for these purposes in 1939. 


However, observations made in a number of laboratories in the course of 


studies on the epididymis and in measurements of metabolic activity of sperma- 


tozoa have indicated that other means of metabolic control were possible. These 


include the finding of a metabolic regulator in epididymal spermatozoa (9), of 


a metabolic inhibitor in ejaculated semen closely associated with the spermatozoa 


of the concentration of the cations, calcium and potassium (10, 22), the concen- 


, and of the effects on metabolism of pH (10, 16), osmotic pressure (17), 


tration of anions (3, 17), and of the partial pressure of carbon dioxide (18, 19). 


In addition, new evidence on the environment afforded spermatozoa in the 


epididymis, where they are normally quiescent, shows that the fluids are higher 


in potassium, lower in sodium and in calcium concentration than seminal plasma 


(i, 3B). 
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The independent effects of some of these factors on aerobic metabolism of 
spermatozoa have been reported. However, no data are available on the effect 
of a combination of some of them on the several measures of metabolic activity. 
The experiments reported here were conducted to determine the interacting 
effects, if they existed, of pH, osmotic pressure, calcium concentration, and potas- 
sium concentration on the aerobic metabolism of washed bovine sperm cells. A 
preliminary report of these experiments appeared in 1957 (6). 


METHODS AND MATERIALS 


Semen used in these experiments was collected from mature dairy bulls by an 
artificial vagina. The spermatozoa were twice washed with 0.154 WM NaCl (saline), 
using the following procedure: The raw semen was diluted to approximately 
twice the original ejaculate volume with saline. The spermatozoa were then 
centrifuged out of suspension and the supernatant removed. The cells were 
suspended again in saline to a volume equal to the original ejaculate, recentri- 
fuged, the supernatant removed, and the cells resuspended in saline solution 
to the desired concentration of cells. Two-tenths milliliter of this cell suspension 
was added to 0.8 ml. of test solution containing 200 mg/100 ml. of fructose as 
substrate in the Warburg reaction flasks. Oxygen uptake, fructose utilization, 
and laetic acid accumulation were measured during a 2-hr. incubation period 
at 37° C. Initial and final pH and motility of the suspended cells were recorded. 

Fructose was determined by the method of Roe (14), as modified by Mann 

11). Lactie acid was determined by the method of Barker and Summerson (1). 

Three experiments were conducted in this study. The first two were three-fac- 
tor composite type experiments (5) involving eight replications each. In Experi- 
ment One, the variables of pH,osmotie pressure,and potassium concentration were 
studied, whereas in the second experiment, the effects of pH, calcium co .1cen- 
tration, and potassium concentration were studied. In these composite experi- 
ments, initial pH values of 4, 5, 6, 7, and 8 were obtained by combinations of citric 
acid and sodium bicarbonate. Molarities of the final diluents (before adding 
spermatozoa) expressed as NaCl were 0.084, 0.119, 0.154, 0.189, and 0.224 MW. The 
theoretical osmotic pressure equivalents are approximately 195 to 417 milliosmols, 
assuming complete dissociation of ions. (A solution which has an osmotic pressure 
of 290 milliosmols or a 0.154 M NaCl solution is isotonic and has approximately 
the same freezing point depression as seminal plasma.) The actual osmotic 
pressures were 150 to 392 milliosmols. Potassium was included in the experi- 
ments in levels of 40, 120, 200, 280, and 360 mg. % final dilution. Calcium was 
included in the second experiment at levels of 2, 12, 22, 32, and 42 mg. “ final 
dilution. Potassium or ealeium additions were made at the expense of sodium. 
MeCl. - 6 H2O was ineluded in all of the diluents at the rate of 0.5 ml. of a 
1.54 M solution in 50 ml. of diluent. 

The third aerobic experiment was a 3* factorial involving five replications, 
with the objective of determining the relationship of pH to metabolie activity 
at various intervals. The pH levels studied were 5, 6.25, and 7.5. The intervals 
at which samples were taken for fructose and lactic acid measurements were 





1306 R. G. CRAGLE AND G. W. SALISBURY 


0,1, and 2 hr. A 10-min. period for equilibration of the spermatozoa and diluent 
preceded 0 hr. In this experiment, therefore, fructose utilization and lactie acid 
accumulation were measured to include the 10-min. equilibration period, whereas 
Os uptake measurements began at 0 hr. Fifty per cent of the diluent used 
in this experiment was made up with a combination of NasHPO, - 12 H2O and 
NaH.PO, - H.O, depending on the pH desired ; whereas, the other half contained 
0.154 M NaCl with 0.5 ml. of 0.11 WM MgCl.o - 6 HeO per 50 ml. and fructose solu- 
tions (200 mg. % final dilution). 

In the composite experiments, the metabolic responses are expressed as the 
conventional Z values (13) whereas, in Experiment 3, they are expressed as 


total microliters or micrograms / 10° spermatozoa. 
RESULTS 


The results of the first experiment involving five pH. levels, five levels of 
osmotic pressure, and five potassium concentrations are given in Figure 1. By 
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Fig. 1. Effects of pH, molarity of diluent, and potassium concentration on spermatozoan 


activity (average of eight responses ). 


study of this figure, one notes that the lower values of fructose utilization and of 
lactic acid production tend to be on the lower left side of the figure, at a low pH, 
a low osmotic pressure, and a high concentration of potassium. Statistical analysis 
of the combined data show that not all of the differences shown in the figure are 
significant ones. For example, considering the oxygen uptake only, the effect of 
pH was pronounced. The Z-o was small at pH 4, increasing to a maximum in 


the center of the figure and decreasing again at the highest pH. This trend is 
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best fitted by a quadratic expression. The potassium level also influenced the 
oxygen uptake. The effect was least at low concentrations of potassium and 
greatest with the higher concentrations, but varying in degree with the pH 
level. On the other hand, the molarity of the diluent did not exhibit a significant 
effect on oxygen uptake. 

The metabolic behavior of the washed spermatozoa as influenced by the three 
controlled variables can be expressed by regression equations, where Y, is the 
effect of pH; Ye, that of varying molarity of the solutions; and Ys, that of potas- 
sium concentration. Only those regression coefficients (in either Experiment 1 
or 2) to which a significant sum of squares could be attributed are given in the 


following equations : 


Zo, — —10.6 x 52 X3 oS xX," 
Lr -- —119.8 — 60.2 Xi 7% 19.9 X3 


Z, = 88.5 + 43.1 X, —18.4.X,X3 
The five levels for pH (,) and the five levels for potassium (3) have been 
coded as —2, —1, 0, 1, and 2, respectively. For example, at a potassium content 
of 200 mg. % (X3 = 0) anda pH of 5 (X; = —1), one would expect a Zo, of —9.1. 


(Instead of the usual plus values of Zo» , minus values are used here to indicate a 


utilization of Ov.) By use of these equations, estimates of response can be made 
for any set of conditions of the variables and ranges studied. The equations 
indicate that for fructose utilization, the effects of pH and of potassium con- 
centration are linear and independent. However, for lactic acid accumulation, in 
addition to a pH effect, a significant interaction between pH and potassium 


coneentration was found. 
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Fig. 2. The effect of pH on metabolie activity. 
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The primary effects of pH, of osmotic pressure, and of potassium concentra- 
tion on the three metabolic responses in this experiment are illustrated in Fig- 
ures 2, 3, and 4. 

The combined results of the second experiment involving pH (Y,), calcium 
concentration (Yo), and potassium concentration (Y;) are given in Figure 5. 
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Fig. 5. Effects of pH, calcium concentration, and potassium concentration on sperma- 


tozoan activity (average of eight responses ). 


In this experiment, an interesting fact appears. Calcium not only has no 
marked effect on the metabolic response of the cells, but the previously observed 
marked inhibitory effects of increasing the concentration of potassium are vir- 
tually eliminated by its presence. Thus, in the regression equations derived from 
the second experiment, only the effects of pH (.Y,) are ineluded, for no other 
effect contributed a significant portion of the sum of squares. 

Zo. = —9.6 —1.8 Xi 
Zy = —132.7 —64.4 X, 
= 101.4+ 46.0 _X, 


NS 
i‘ 
~ 


The effect of calcium concentration as found in this experiment is illustrated 
in Figure 6. The curves are drawn from the equations caleulated for linear and 
quadratic effects, none of which was significant, so that the effects could equally 
as well be represented by straight lines across the chart representing the means 
for each metabolic measure. 

The third experiment was designed to cast some further light on the rate 
of substrate uptake, as influenced by pH during the period of time in which 
temperature and gas pressure equilibration in the manometers and flask contents 
took place. The results are given in Table 1. The F values and the significant 
levels of the responses are given in Table 2. 

The highly significant interactions of the linear effects of time and the linear 
effects of pH for both fructose utilization and lactic acid accumulation are the 
result of the fact that spermatozoa at pH 5 in a phosphate buffer take up a sizable 
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Fig. 6. The effects of calcium concentration on metabolie activity. 


TABLE 1 
Total oxygen uptake, fructose utilization, and lactic acid accumulation per 10° spermatozoa as 


influenced by time and pH in phosphate buffer (Experiment 3, mean of five replications) 


Time 


During equilibration period of 10 min. 


End of 1 ir. after equilibration 


End of 2 hr. after equilibration 


Analysis of variance of data from Experiment 


Oz uptake 


Time /* 179.5** 
Time q” 5.66* 
pH! NS 
pHgq NS 
Time / < pH / NS 
°*P< Ob. 
Pe 2, 


*/= linear. 
"q = quadratic. 
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quantity of fructose in the initial 10 min. (Time 0) of exposure to substrate. 
Thereafter, the substrate is metabolized at a slow rate, whereas at a higher pH, 
they exhibited much higher metabolic responses after a slower initial uptake of 
substrate. 

These results show clearly that spermatozoa removal from the seminal plasma 
soon after collection, and which have undergone a period of substrate deprivation 
during washing and the preparatory stages of the experiment, take up hexose 
substrate at an initial rate substantially greater than the utilization rate. These 
results also show that at the lowest pH, after the initial uptake, which occurred 
within 10 min. and possibly before the intracellular pH was reduced below 
that of normal semen, no uptake occurs. These facts have great significance in the 
interpretation of other experiments and in the design of future ones. 


DISCUSSION 

A number of difficulties face investigators in this area of research. An im- 
portant one deals with the relation of metabolism to visual estimates of sperma- 
tozoan motility. Our interpretation has been that if spermatozoan metabolic 
activity was inhibited and final motility was inhibited to a similar degree, no 
logical conclusion could be reached. Either inhibition and/or death of the cells 
may have taken place. Only in cases where final motility is the same as the 
control or only slightly depressed, and the metabolic measures are substantially 
decreased, can we conclude that metabolic inhibition has actually taken place. 

A second, equally fundamental difficulty has been the large coefficients of 
variation in substrate utilization associated with experiments of this nature 
preventing precise measurement of treatment effects. In the first and second 
of these experiments, the coefficients of variation for fructose utilization were 
40% or higher before ejaculate effects were removed. From the third experi- 
ment, it would appear that the preconditioning of spermatozoa as affected by 
the time from ejaculation to removal of the cells from the seminal plasma, the 
initial pH of the semen and, possibly, many more such factors, are concerned in 
such variability. 

A third is a question primarily of semantics. In the first two experiments, 
the predominating cations in the diluents were sodium and potassium. When 
potassium was increased the sodjum was decreased, and vice versa. This leaves 
the question of which ion should be considered as having the primary effeet and 
the naming of that effect. We have chosen to consider the primary effect as due 
to potassium, because of its higher concentration in the cells (7) and the fact 
that the response of the cells to extracellular potassium was the one sought, 
namely, reversible inhibition of metabolic activity. The reversal of motility 
occurred upon. removal of the cells from the Warburg flasks, dilution with 0.9% 
NaCl, and placing them under a cover slip on a microscope slide. 

Low concentrations of potassium have been shown to be necessary for optimum 
metabolism of spermatozoa (22); whereas, high concentrations have been re- 
ported as detrimental (23). It now appears that in the absence of calcium 
Experiment 1), reversible inhibition of metabolic activity at 37° C. takes place 
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at potassium concentrations of from 200 to 280 mg. %. The inhibition is particu- 
larly evident at pH 5, but the K-level X pH interaction was statistically sig- 
nificant only for the lactic acid accumulation. These potassium levels are higher 
than are reported for seminal plasma (a mean of 161 mg. %) (8), but not so 
high as are the amounts found in the epididymis, where the cells are normally 
quiescent (15). However, in the presence of calcium, the high potassium levels 
do not cause any measurable effect on sperm cell metabolism (Experiment 2). 
It does have a deleterious effect on motility. The interference of calcium with the 
inhibitory effects of potassium may have its counterpart in nature. The epididy- 
mal secretions are high in potassium and quite low in calcium ; whereas, on ejacu- 
laton, the high potassium is diluted with sodium and the calcium level is increased 
by addition of other products of the accessory glands, thus paving the way for 
the burst of activity associated with ejaculated semen. 

The inhibition of metabolic activity by the potassium ion strongly suggests 
that this is at least one of the agents, if not the only one, responsible for de- 
pressing the oxygen uptake in whole semen reported by Bishop and Salisbury (2). 
These workers presented evidence that the inhibitor was associated with the 
spermatozoa. Subsequent work has shown that potassium is more concentrated 
within the spermatozoa than it is in the seminal plasma (8). 

Finally, the sodium/potassium ratio deserves some consideration in view 
of the emphasis placed on it by other workers with bull spermatozoa (15, 21) 
and in the inhibition of trout sperm (20). It appears from the results reported 
here that the sodium/ potassium ratio is a useful expression only under specified 
conditions of pH, low levels of calcium, and where sodium and potassium make 
up nearly all of the cations present. 
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USE OF FLUORESCENT DYES FOR OBSERVING BOVINE 
SPERMATOZOA IN OPAQUE MEDIA 


N. L. VAN DEMARK, V. L. ESTERGREEN, JR., R. SCHORR, anp D. E. KUHLMAN 
Department of Dairy Science, University of Illinois, Urbana 


SUMMARY 


A method for staining sperm with fluorescent dyes and examination with ultraviolet 
light is presented. By using this method with semen diluted with opaque media, the 
spermatozoa were made clearly visible with no interference from fat globules or other 
extraneous material, and evaluation of sperm motility was readily made. These dyes 
in concentrations of 1:10,000 to 1:40,000 were nontoxie to the spermatozoa during the 
15-min. ineubation at 37° C. and caused only a slight reduction in motility after 
storage at 5° C. for 24 hr. The staining of sperm so that they fluoresce in ultraviolet 
light was found to make the sperm clearly visible for evaluation of motility in whole 
milk, yolk-phosphate, or other diluents in which white light illumination does not allow 
good discrimination between sperm and media. Other possible uses of this procedure 
also are discussed. 


The observation and evaluation of bovine spermatozoa in diluents such as 
whole milk and yolk-phosphate have always presented a problem, because of the 
opacity of the media due to the presence of large numbers of interfering fat 
globules (4,7). In an attempt to make the sperm more visible in such media, a 
study was conducted on the practicality of the routine staining of sperm with 
dyes which would cause the spermatozoa to fluoresce in ultraviolet light. 

Fluorescent dyes for staining of spermatozoa have been utilized by a number 
of authors in the study of sperm morphology (1, 2, 3, 5). Bishop and Austin (2) 
reported that a spectacular polychromatic fluorescence, which clearly defined the 
acrosome and nucleus of the sperm, was obtained by staining fresh, living rodent 
spermatozoa with acridine orange, but less successful definition of sperm strue- 
tures was obtained with rabbit and bull spermatozoa. Bishop (1) was able to 
differentiate between live and dead spermatozoa by fluorescence microscopy 
after staining with primulin and rhodamin G. Stockinger (5) obtained good 
fluorescence of human sperm after staining with acridine orange, but stated that 
this method could not be used for practical examination of sperm livability. On 
the other hand, Strugger and Rosenberger (6) claimed that the motility of goat 
sperm was undisturbed by staining with acridine orange. The latter also report 
that 21 of 27 goats artificially inseminated with spermatozoa stained with fluoro- 
chromes became pregnant and gave birth to normal young. More recently, 
workers in this laboratory have used the technique of staining with fluorescent 
dyes to make spermatozoa more visible when using visual methods (9), and to 
eliminate counting of fat particles and other extraneous material in milk diluents 


when using electronic methods of evaluating sperm motility (8). 
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METHOD OF STAINING SPERM WITH FLUORESCENT DYES 





EXPERIMENTAL PROCEDURE 

Fourteen dyes known for their ability to stain biological materials and 
Huoresce under ultraviolet light were studied for their applicability to the stain- 
ing of living bovine spermatozoa. These dyes were arbitrarily rated from 1 to 6, 
depending on the sharpness of the fluorescence of the sperm cells and the absence 
of background illumination. These dyes are listed in Table 1, in the order of 
their decreasing acceptability for use in three different diluents at a final dilu- 
tion of 1:20,000. Coriphosphin gave the best all-around results and is the dye 
of preference in this laboratory, although euchrysin 2, acridine orange, and akri- 
dingelb also rated high and gave satisfactory results in most cases. 

A dye solution was prepared by dissolving one part of the dye in 1,000 or 
2.000 parts warm 0.9% saline. This solution was filtered to remove any large 
undissolved particles of the dye and the pH was adjusted to 6.8 with 0.1 V NaOH. 

This solution was then added to the diluted semen, both being at the same 
temperature, to give a final concentration of dye to diluent of between 1:10,000 
and 1:40,000, and thoroughly mixed by inversion. A concentration of 1 :20,000— 
25,000 gave maximum fluorescence of spermatozoa and minimum background 
illumination. The sperm took up the dye very readily, so that motility evaluation 
of the fluorescing sperm could be made immediately. However, best staining 
results were obtained if the samples were incubated in a water bath at 37° C. 
for 15 min. after addition of the dye solution. 

A drop of the stained semen was then placed on a glass slide, covered with a 
cover slip, and examined under the microscope with ultraviolet light illumination 
in a darkened room. 

Figure 1 illustrates diagrammatically the equipment needed for observation 
of the fluorescent sperm and the path of the light rays through the microscope. 


TABLE 1 
Average rating of fluorescence of sperm after staining with fluorochromeg 
diluted 1: 20,000 in three media 


(Mean of ten or more samples) 


Diluent 


Dye” Skimmilk EYC Whole milk 
Coriphosphin H K 5.0 4.0 6.0 
Euchrysin 2 GNX 5.0 2.0 6.0 
\cridine Orange 4.0 3.0 3.0 
\kridingelb Extra 4.0 4.0 
\kriflavin HCI NF 3.1 3.0 2.0 
\urophosphin 3.5 0 
\uramin LZ 1.0 
Thioflavin S 1.5 0 
Primulin O 1.0 1.0 
Berberin Sulfate Neutral 0.6 1.0 
Morin 0.3 0 
Berberin 0.1 0 
Brillantdianilgrun 0.1 ( 

Fuchsin 0 0 


‘One part egg yolk and one part 2.9% sodium citrate dihydrate. 
* Manufactured by C. Grubler and Co., Berlin; George T. Gurr, Ltd., London; National 
\niline Division, New York; New York Quinine and Chemical Works, Ine., New York, and 
generously supplied by Allen B. Dumont Laboratories, Clifton, New Jersey. 
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Fig. 1. A schematic diagram of equipment needed for observing sperm stained with fluoro- 
chromes. The solid lines represent ultraviolet light rays and the stippled lines represent visible 
light rays. 


The ultraviolet light was provided by a mereury vapor lamp (G.E. AH-4) in a 
microscope spot lamp fitted with an exciter filter, Corning No. 5113, which trans- 
mits in the ultraviolet range. A barrier filter (Corning No. 3484 or American 
Optical No. 363-602) was placed in the eve-piece to absorb the ultraviolet rays 
while allowing passage of the visible light emitted by the fluorescing specimen. 
The percentage of motile sperm was determined and the motility was rated on 
a relative scale of zero to four, with maximum motility given a rating of four. 


RESULTS AND DISCUSSION 
These dyes, when used in the concentration range stated above, were relatively 
nontoxic to spermatozoa in all diluters tested, as evaluated by sperm motility. 
As shown in Table 2, there was no reduction in per cent motile sperm or rate 


of motility after incubation for 15 min. at 37° C. with either coriphosphin or 
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Fig. 2. Photomicrographs of bovine spermatozoa stained with fluorochromes and illumi- 
nated with either white or ultraviolet light. The pictures on the left were taken in white light; 
those on the right are the same fields in ultraviolet light. 

(1 and 2) Sperm in whole mi'k diluter, magnification 133 x. 

(3 and 4) Sperm in whole milk diluter, magnification 287 

(5 and 6) Sperm in yolk-phosphate, magnification 133 » 


acridine orange when compared with the control, unstained sample. Stained 
samples which were stored at 5° C. for 12 to 24 hr. exhibited only a slight 
reduction in motility compared with control samples stored for a comparable 
period. These results show that these fluorescent dyes cause little or no reduction 
in the motility of bovine spermatozoa when used in the low concentration tested. 
This concurs with the findings of Strugger and Rosenberger (6), that acridine 
orange was relatively nontoxic to goat sperm in a glucose-phosphate diluent. 
However, the slight toxicity of the fluorochromes to sperm during storage indi- 
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cates that the addition of the dyes should be delayed until a short time before 
examination. 

Spermatozoa stained with fluorescent dyes and observed in ultraviolet light 
were very clearly visible even in such opaque media as whole milk and yolk- 
phosphate diluters. There was little interference from fat globules or other 
extraneous material, and evaluation of sperm motility could be made readily. 
Figure 2 illustrates the outstanding visibility of the fluorescing sperm observed 
in ultraviolet light, as compared to the same samples observed in conventional 
white light. 

The aforementioned simple staining procedure could be easily adopted in 
any research or field laboratory for the observation of sperm motility where 
opaque diluents are being used. With only a small addition to the equipment 
commonly found in artificial insemination laboratories, the sperm can be made 
more visible by fluorescent staining, resulting in greater accuracy in the estima- 
tion of the motility and per cent motile sperm in a sample of semen. Thus, one of 
the difficulties encountered in the use of opaque media such as whole milk and 
volk-phosphate diluters can be easily overcome. 

Staining of sperm with fluorochromes has already greatly facilitated the study 
of sperm morphology (1, 2, 3,5). If fertility is unaffected, as shown by Strugger 
and Rosenberger (6), this research tool also can be utilized in other studies in- 
volving sperm, where greater visibility o: the spermatozoa is desirable, such as: 
studies of the spermatozoa in the female tract, studies on the mechanics of fertili- 
zation, location of the fertilized egg in oviduct effluent, ete. Other applications 
of this staining procedure also may be found. 
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INFLUENCE OF SPERM CONCENTRATION, INITIAL FRUCTOSE 
LEVEL, AND INITIAL PER CENT MOTILITY ON THE 
FRUCTOLYTIC ACTIVITY OF BOVINE SEMEN! 


M. FREUND 
Department of Physiology and Pharmacology, New York Medical College, 
Flower and Fifth Avenue Hospitals, New York, N. Y. 
AND 


R. L. MURPHREE 
UT-AEC Agricultural Research Laboratory, Oak Ridge, Tennessee 


SUMMARY 


Three semen characteristics—sperm concentration, initial fructose level, and initial per 
cent motility—were measured in 262 semen specimens collected by electroejaculation from 
ten Hereford bulls, and fructose utilizations were determined after 20, 40 and 60 min. of 
incubation at 37° C. The zero-, first- and second-order partial and multiple correlations 
were caleulated from the data on total, among-bulls, and ejaculates-within-bulls bases. 
Lach of the three semen characteristics, independent of the other two, was correlated 
(P <0.01) with fruetolysis on within-bulls bases. Multiple correlations of the three 
semen characteristics with fructolysis were significant (P <0.01) on within-bulls bases. 
Multiple covariance analysis showed no significant among-bulls differences in fructolysis, 
indicating that, in this system, differences in fructose utilization may be accounted for 
by differences in sperm concentration, initial fructose level, and initial per cent motility. 





The influence of sperm concentration on various measures of bull semen 
fructolysis has been recognized for some time (1, 2, 3, 10) and an influence of 
sperm motility has been claimed (1, 2) but not supported by published statistical 
analyses of the data. Recently, the important role of the initial fructose level 
has been established and it has been demonstrated that the fructolytie rate of this 
system is substrate-limited (5, 6,7, 13). The role of the initial substrate level in 
sperm metabolism has since been confirmed in studies on human semen (4, 11), 
although no influence of motility, independent of sperm concentration and initial 
fructose level, on fructolysis was found. 

Most of the modern work reported on bull semen metabolism has been based 
on ejaculates from dairy bulls in artificial insemination (A.1.) studs. These dairy 
bulls are selected for good semen quality, i.e., high sperm concentration and 
high initial per cent motility and the means reported in the literature for these 
characteristics have been high (6, 7, 10). It has been the experience of these 
investigators that very few poor semen quality specimens, i.e., ejaculates with 
less than 0.500 billion sperm per milliliter and less than 50% initial motility 
become available for study from bulls in an A.I. stud. It would be expensive to 
obtain and raise a group of unselected dairy bull calves, in order to have a popu- 
lation of bulls producing specimens with a greater range of variability in semen 
quality, although the advantage of such material is apparent. 
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SPERM CONCENTRATION AND METABOLISM OF BOVINE SPERM 1321 
The opportunity arose, during the course of another study, to examine the 

factors influencing the fructolytie activity of semen specimens from a group of 

Hereford bulls, unselected for semen quality. These specimens were found to 

demonstrate great variability in characteristics and included many semen speci- 

mens of poor quality. 

MATERIALS AND METHODS 


The semeti specimens used in this study were collected by electroejaculation 
(14) from ten sexually mature Hereford bulls, maintained on native pasture 
during the months of June and July, 1958 at the UT-AEC Agricultural Research 
Laboratory, Oak Ridge, Tennessee. Two consecutive semen samples of about 5 ml. 
each were collected from each of the bulls on Monday, Wednesday, and Friday 
: for a total of six specimens per bull per week. 

The specimens were handled, diluted, incubated, and prepared for fructose 
| assay as previously described (6). Fructose utilizations were determined after 
| 20, 40, and 60 min. of incubation at 37° C., using the method of Roe (15). Sta- 
tistical analyses of the data followed the methods outlined by Snedecor (16). 


RESULTS AND DISCUSSION 
Mean sperm concentration for the 262 semen samples was 0.238 billion per 
milliliter, mean initial fructose level was 2.58 mg. per milliliter, and mean initial 


motility was 53%. Mean fructose utilizations per milliliter of semen were 0.26 mg. 
in 20 min., 0.43 mg. in 40 min., and 0.55 mg. in 60 min. at 37° C. 

Upon first consideration, metabolic studies on semen collected by electro- 

ejaculation might seem to present some rather special problems. However, no 

' differences have been reported for the semen characteristics (9) or for the 

fertility (12) of ejaculates collected by electroejaculation, as compared to ejacu- 


lates collected from the same bulls by artificial vagina. The high frequency of 

collection (six ejaculates per week) might have had some influence on the semen 
J g 

characteristics, although there is no indication from these data that this occurred 


during the relatively short course of the study. 
" The zero-, first- and second-order partial and multiple correlations calculated 
| from the data on total, among-bulls, and ejaculates-within-bulls bases are pre- 


sented (Table 1). The lack of correlation between sperm concentration and initial 


l TABLE 1 
Correlations among vurious semen characteristics (continued ) 
) Coefficients of correlation 
and degrees of freedom 


! Among Ejaculates 
Correlated factors Total bulls within bulls 
Zero-order correlations—degrees of freedom 260 8 251 
& Sperm concentration versus 
initial fructose level 0.02 0.08 —0.01 
initial motility 0.38” 0.63* 0.28" 
, ; 20-min. utilization 0.49” 0.68" 0.46” 
$0-min. utilization 0.51” 0.65" 0.47” 
60-min. utilization 0.49" 0.62 0.44° 
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Correlations among various semen characteristics (concluded ) 


Correlated factors 


Initial fructose level versus 
initial motility 
20-min., utilization 
40-min. utilization 
60-min, utilization 
Initial motility versus 
20-min. utilization 
40-min. utilization 
60-min. utilization 
First-order partial correlations—degrees of freedom 
Independent of fructose level, sperm conc. versus 
initial motility 
20-min, utilization 
40-min. utilization 
60-min. utilization 
Independent of motility, sperm cone. versus 
initial fructose level 
20-min. utilization 
40-min. utilization 
60-min. utilization 
Independent of sperm conc., fructose level versus 
initial motility 
20-min. utilization 
4(-min. utilization 
60-min. utilization 
Independent of motility, fructose level versus 
20-min. utilization 
40-min. utilization 
60-min. utilization 
Independent of sperm conc., motility versus 
20-min. utilization 
40-min. utilization 
60-min. utilization 
Independent of fructose level, motility versus 
20-min. utilization 
40-min. utilization 
60-min. utilization 
Second-order partial correlations—degrees of freedom 
Independent of fructose level and motility, sperm 
concentration versus 
20-min. utilization 
40-min. utilization 
60-min. utilization 
Independent of sperm concentration and motility, 
fructose level versus 
20-min., utilization 
40-min. utilization 
60-min. utilization 
Independent of sperm concentration and fructose 
level, motility versus 
20-min. utilization 
40-min. utilization 
60-min. utilization 
Multiple correlations—degrees of freedom 


Sperm concentration, fructose level, and motility with 


20-min. utilization 
40-min. utilization 
60-min. utilization 


“Statistically significant (P < 0.05) 
” Statistically significant (P < 0.01). 


Total 


Coefficients of correlation 
and degrees of freedom 


0.28” 
0.44" 


0. 
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.46° 
0. 
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OF 
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54" 


.18” 
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24° 
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Among 


bulls 


90 
.87° 
85° 


46 
.63* 
ae 


oa 
ole 
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.67" 
gob 
85° 
go" 


Ejaculates 
within bulls 


0.18” 
0.42” 
0.44” 
0.46” 


0.31" 
0.34° 
0.35° 
250 


0.29” 
0.51° 
0.53” 
0.50° 


0.07 

0.40” 
0.41° 
0.38” 


0.19” 
0.47° 
0.50” 
0.52” 
0.38” 
0.41" 
0.43” 


0.21” 
0,24” 


0.26” 


0.26" 
0.29” 
0.31° 
249 


0.46" 
0.48” 
0.46" 


0.45” 
0.48" 
0.49” 


0.14" 
0.1 7 
0.20" 
249 


0.63” 
eh 


0.66 


0.63” 
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fructose level, on both zero- and first-order partial bases, confirms a previous 
study with A.I. bulls (6), which showed that these variables are independent 
of each other. The correlation (P < 0.01) between sperm concentration and 
initial motility, on both zero- and first-order partial bases, indicates that those 
samples with the higher sperm concentrations tend to have the higher motilities 
and demonstrates the need for an evaluation of the influence on fructolysis of 
each of these two variables, independent of the other. The correlation among 
the three variables must be recognized, and second-order partial correlations cal- 
culated, to account for the influence on fructolysis of each variable, independent 
of the other two. When this has been done, it becomes apparent (Table 1) that 
each of the three variables, sperm concentration, initial fructose level, and initial 
per cent motility, influences the fructolysis of this system. The multiple corre- 
lation, 0.66, of 60-min. fructose utilization with sperm concentration, initial 
fructose level, and initial per cent motility on an ejaculates-within-bulls basis, 
demonstrates the combined influence of the three variables on fructolysis. 

An analysis of covariance was used to test for differences among bull mean 
fructose utilizations adjusted to average sperm concentration, initial fructose 
level, and initial per cent motility. There was no significant difference among 
bull means in fructose utilization when mean squares free of regression effects 
were tested (Table 2). This indicates that the fructolytic activity of this system 
is primarily dependent on sperm concentration, fructose level, and motility, and 
confirms previous work with A.I. bulls, which concluded that the seminal plasma, 
apart from its fructose content, had no measurable influence on fructolysis (7). 
This, however, is not in agreement with reports on fructolysis in bull semen (8) 
and in human semen (4, 11), where the seminal plasma was found to exert a 
marked influence on fructolysis independent of its fructose content. 


TABLE 2 


Analysis of covariance of fructose utilizations. Deviations from regression 





Mean square 








Degrees of Fructose utilized in: 

Source of variation freedom 20 min. 40 min. 60 min. 
Among bulls 9 612 864 1,536 
Ejaculates within bulls 249 322 636 922 
Total 258 


GENERAL DISCUSSION 


The factors influencing the fructolytic activity of bovine semen have been 
studied and the papers reporting the influence of sperm concentration (1, 2, 3, 10) 
and of initial fructose level (5, 6, 7) have been confirmed and, in addition, the 
influence of initial per cent motility has been demonstrated. It is evident that 
any study which attempts to relate other semen attributes, e.g., fertility, to meas- 
ures of bovine semen fructolysis must either account and adjust for the influence 
of sperm concentration, fructose level, and motility or use a measure of fruc- 
tolysis which has been demonstrated to be independent of all three variables. 
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Also, it might be suggested that sperm concentration and fructose level are not 
semen sample quality factors per se, whereas motility is and, therefore, that a 
more suitable approach to fertility studies might include an adjustment of 
fructolysis for the influence of sperm concentration and fructose level and then 
the calculation of the multiple correlation of fertility with adjusted fructose 
utilization and motility. 

The absence of bull differences in fructolytie activity, independent of sperm 
concentration, fructose level, and motility effects, in this study and in another 
study with A.I. bulls (6), leads to the conclusion that differences in fructolytic ae- 
tivity may not be useful in predicting differences in other bovine semen attributes. 
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METABOLISM OF BOVINE SEMEN. VILL FLUOROACETATE 
AS AN INHIBITOR OF SPERMATOZOAN MOTILITY, 
GLYCOLYSIS, AND RESPIRATION ! 





G. R. HOWE ® and R. J. FLIPSE 
Dairy Breeding Research Center, Dopartment of Dairy Science, 
The Pennsylvania State University, University Park 


SUMMARY 


Sodium fluorvacetate in concentrations as high as 0.01 M has been tested as an in- 
hibitor of the motility, glycolysis, and respiration of bovine spermatozoa in heated skim- 
wilk, egg yolk-citrate (1:3), and modified Ringer solution. Effective inhibition of 
motility and glycolysis was not obtained. Endogenous respiration was 70% inhibited by 
0.01 M fluoroacetate; respiration with substrates of 0.01 M acetate, glucose, and fructose 
was inhibited 70-90%. Production of C“O, from acetate-1-C was almost completely 
Liocked by fluoroacetate. 





Metabolic inhibitors have received consideration as a means of prolonging 
the life of spermatozoa (6, 7, 8, 10, 12, 13, 21). Although many factors are 
involved in determining the effectiveness of inhibition of spermatozoan metabo- 
lism (2, 3, 14, 19, 20), reversible inactivation has been demonstrated (7, 8, 10, 
18). 

Fluoroacetate is known to inhibit aconitase (4) and, thus, is an effective in- 
hibitor of acetate metabolism. Because of the presence of acetate in freshly 
ejaculated semen (5), and the utilization of acetate by spermatozoa (9), a study 
of the effects of fluoroacetate on the motility, glycolysis, and respiration of bovine 
spermatozoa was undertaken and the results are presented in this report. 


EXPERIMENTAL PROCEDURE 


The following diluents were used in these trials: (a) skimmilk heated to 
92° ©. for 10 min. (15), (b) egg yolk-2.9% sodium citrate dihydrate (1:3), 
and (c) modified Ringer solution consisting of 100 ml. of 0.9% NaCl, 4 ml. of 
1.15% KCl, 1 ml. of 2.11% KHePO,4, and 1 ml. of 3.82% MgS0O,:7H2O. Glucose 
or fructose was added to the Ringer solution to a final concentration of 0.01 M. 
All diluents were adjusted to a pH of 6.6—6.8. Semen samples were collected with 
the artificial vagina and subjected to routine laboratory evaluation tests. 

For the motility trials, the semen samples were diluted to a standard con- 
centration of 15 X 10® cells per milliliter in each diluent and stored at 5° C. 
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Motility estimations were made at 2-168 hr. after dilution, on a microscope 


equipped with a thermostage set at 37 
tozoa was attempted by replacing the diluent with fresh diluent containing no 
inhibitor. Motility was observed at periodic intervals following the reactivation 


attempt. 


C. 


At 168 hr., reactivation of sperma- 


Glycolysis was studied by measurement of both fructose disappearance and 


lactic acid accumulation during 3 hr. of incubation at 37° C. 


Individual semen 


samples were diluted to a standard concentration of 50 x 10° cells per milli- 


liter. Aliquots for chemical analysis were removed after 0 and 3 hr. of incuba- 
Filtrates were 


tion and dispersed immediately in 10% 


trichloroacetic 


subsequently analyzed for fructose (11) and lactie acid (1). 

Respiration studies were conducted with a Warburg constant volume respirom- 
eter. Measurements of oxygen uptake (17) were made with pooled ejaculates 
from at least three bulls. The ejaculates were mixed and the spermatozoa were 
washed three times in the centrifuge, then suspended in the appropriate diluent. 


acid. 


Spermatozoan concentration was standardized at 500 X 10° cells per milliliter. 


RESULTS AND DIscUSSION 


Studies of the inhibition of motility by the various concentrations of sodium 
fluoroacetate in heated skimmilk involved eight ejaculates; an additional eight 


ejaculates were used in testing inhibition in egg yolk-citrate. 


Table fluoroacetate in concentrations as high as 0.01 M did not effectively 


inhibit spermatozoan motility. 
maximum inhibition was less than 10% in skimmilk and about 30% in egg yolk— 
citrate. When reactivation of spermatozoa was attempted at 168 hr., no improve- 


ment in motility was observed. 


Results of measurements of glycolysis are presented in Table 2. 


Compared to the control 


(no 


As shown in 


fluoroacetate ), 


The values 


listed are the means from a trial involving four ejaculates. Similar results were 


obtained in two other trials involving four ejaculates each in skimmilk and egg 


Fluoroacetate 
concentration 


10 
50 
100 





60 
60 
60 
og 


60 


60 
60 
59 
os 
60 


TABLE 1 


Inhibition of motility by sodium fluoroacetate 


(Mean of 8 ejaculates) 





Hours of storage at 4° C. 


48 


56 
56 
56 
54 
54 
diluent 
48 
41 


4] 
40 


72 96 120 144 168 
spermatozoa )————_———__- 
55 51 50 46 40 
52 50 50 44 40 
53 50 49 45 40 
54 47 46 43 39 
51 48 47 43 39 
44 44 40 35 34 
38 36 32 28 28 
36 32 3 30 ry f 
33 31 29 28 25 
30 30 27 24 24 


4 6 8 24 36 
—___________ (% motile 
Skimmilk diluent 
60 59 59 59 59 
60 59 58 58 58 
60 58 58 56 6 
59 56 56 55 55 
60 56 56 55 55 
Egg yolk-—citrate 

60 59 59 51 51 
59 59 56 50 45 
57 56 54 47 45 
56 5 54 48 45 
55 51 50 46 44 
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TABLE 2 
Inhibition of glycolysis by sodium fluoroacetate 








Diluent 
Skimmilk Egg yolk-—citrate Ringer-fructose 
Fluoroacetate Fructose Lactate Fructose Lactate Fructose Lactate 
concentration loss gain loss gain loss gain 
10*M ) ———_—_—_—_—_—_——_ ——/(mg/hr/10° spermatozoa) -——- 
0 1.30 2.62 0.63 3.56 1.05 0.52 
5 1.45 2.28 0.57 2.96 0.71 0.52 
10 1.47 2.36 0.55 2.85 0.65 0.38 
50 1.06 2.05 0.40 2.61 0.53 0.43 
100 1.18 2 


2.06 0.43 


2.56 0.67 0.44 





yolk—citrate and 14 ejaculates in Ringer-fructose. Although there is a tendency 
toward lower values in fluoroacetate-containing samples than in controls, the 
variation was such that any true inhibition of glycolysis, if present, is of little 
consequence. 

The failure of fluoroacetate to satisfactorily inhibit motility and glycolysis 
essentially eliminates its consideration for use in the preservation of semen; 
conservation of energy in these cells almost certainly must involve a reduction 
in glycolysis, the principal energy source. 

In contrast to the lack of inhibition of motility and glycolysis, respiration 
was markedly inhibited by fluoroacetate (Table 3). Oxygen uptake by sperma- 
tozoa was reduced in each of the three diluents by all concentrations of fluoro- 
Direct comparisons among diluents are not valid, inasmuch 
It appears, how- 


acetate studied. 
as different semen samples were used in each of the diluents. 


TABLE 3 
Inhibition of respiration by sodium fluoroacetate 





: Minutes of incubation at 37° C. 
Fluoroacetate nese / a — 








concentration 15 30 45 60 90 120 180 

(x 10* M) (mean microliters O. uptake/10° spermatozoa) 
Skimmilk diluent 

0 67 153 222 283 392 464 601 

5 55 118 164 203 279 347 474 

10 55 118 164 203 278 345 466 

50 39 S4 120 154 214 274 388 

100 35 40 115 144 197 252 341 

Egg yolk-citrate diluent 

0 95 177 263 350 482 578 633 

+) 72 138 198 263 355 492 586 

10 72 134 196 249 338 464 561 

50 72 122 182 229 319 440 554 

LOO 71 116 178 217 293 365 461 

Ringer-glucose diluent 

0 99 186 280 367 455 552 612 

5 83 184 270 355 455 545 609 

10 83 175 256 317 418 539 572 

50 80 153 216 273 356 447 527 

230 293 366 
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ever, that less inhibition was obtained in egg yolk—citrate than in skimmilk or 
Ringer-glucose. Tosic and Walton (16) observed that egg yolk increased the 
respiration of spermatozoa, and found this enhancement of respiration asso- 
ciated with the fat-free protein residue of egg yolk. Possibly the same or a 
similar factor may account for the resistance to fluoroacetate inhibition found 
in egg yolk-citrate. 

Additional respiration studies were conducted in Ringer solution, to deter- 
mine the effect of substrate on the extent of inhibition. These studies are 
summarized in Table 4. The substrate in each instance was present at a con- 
centration of 0.01 M. Inhibition was determined by comparing the oxygen up- 
take by washed spermatozoa in 0.01 M fluoroacetate to that with no fluoroacetate. 

Oxygen uptake from acetate was inhibited to a greater extent than that from 
glucose or fructose, whereas endogenous respiration was less effectively in- 
hibited. It appears that the endogenous respiration which was not inhibited 
by fluoroacetate might account for the oxygen uptake observed in fluoroacetate- 
inhibited spermatozoa in acetate substrate. This assumption was tested by 
measuring CQ. production from acetate-1-C' in the inhibited system; under 
these conditions practically no CO. was obtained. Elliott and Kalnitsky (4) 
reported that fluoroacetate inhibited aconitase, and this blockage obviously 
eliminates acetate oxidation by spermatozoa. 

The results presented indicate that acetate, although readily metabolized by 
spermatozoa, is not a critical metabolite in a metabolic pathway essential to the 
maintenance of motility. Inhibition of respiration was observed, regardless of 
whether acetate, glucose, or fructose was the substrate. In all probability, in- 
hibition also would be observed with lactic acid as substrate. The disappearance 
of fructose and accumulation of lactic acid at normal rates in inhibited samples 
indicates that blockage of respiration does not interfere with the disposition 
of lactic acid formed from fructose. 


TABLE 4 
Effect of substrate on inhibition of respiration by fluoroacetate 


Hours of incubation at 37° C. 








Substrate 
added 1 2 , 
(0.01 M) (% inhibition) 
Experiment 1 (mean of 3 trials) 
Acetate 90° + 3° 89+ 2 89 + 2 
Glucose 7s £8 79 +2 83 +1 
Experiment 2 (mean of 3 trials) 
Acetate 86 +2 86+ 3 88 + 2 
Fructose 73 +3 9+ 1 83 + 1 
Experiment 3 (mean of 4 trials) 
None (endogenous ) 69 +10 729 72+9 
Acetate 88 +3 87 + 2 88 + 2 
Acetate-1-C™ ——— —— 99.2° + 0.2 


“Of Os uptake. 
» Standard error of the mean. 
°*Of C™“O:s production. 
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A SEXUAL DIMORPHISM IN THREE SOMATIC 
TISSUES OF CATTLE 


D. R. LANG ano W. HANSEL 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


A method of illustrating a sexual dimorphism in three somatic tissues of cattle has 
heen perfected. A small, mildly chromotropic, planoconvex chromatin mass found pre- 
dominantly in females was interpreted to be the sex chromatin reported present in many 
other mammalian species. In liver, pancreas, and adrenal the sex chromatin appeared in 
68, 62, and 61%, respectively, of the cells examined, but in only 10% or less of the male 
cells. The possible uses of sexual dimorphism at the cellular level in elucidating embryonal 
development, and its proposed use as a method of antenatal sex determination in veter- 
inary practice, were considered. Unknown tissues were properly classified as to sex in 
19 of 20 cases. 


Barr and Bertram (1) established a sex difference in mammalian somatic cells 
based on the presence of a small intranuclear chromatin mass in the female cell. 
A similar chromatin clump was seldom found in male cells. Since their initial 
observation, a sexual dimorphism has been reported in many tissues of human 
and other mammalian species. 

Moore and Barr (9) provided the first evidence that a sex difference existed 
in somatic tissues of Artiodactyla, by describing the sex chromatin in neural, 
nuclei of the deer and goat. Later, Moore et al. (11) reported similar findings 
for the nervous tissue of cattle, but the presence of heavily staining karyosomes 
obscured any sex-specific differences in other somatic tissues. 

A study was initiated in 1957 to investigate the possibility of a sexual di- 
morphism in somatic tissues of cattle. During the exploratory work, it became 
evident that the sex chromatin, if present, could not be delineated from the mul- 
tiple coarse chromatin clumps inherent in many somatic cells of cattle. An effort 
was made to remove the extra-karyosomal material from the nuclei of these cells. 
A detailed description of the methods employed and the results follows. 


EXPERIMENTAL PROCEDURE 


For the demonstration of the sex chromatin in cattle, small samples of liver 
were collected at slaughter from ten Holstein cows, five Holstein bulls, and five 
Hereford steers. Pancreas and adrenal tissue samples were taken from another 
two Holstein cows and an aged Holstein bull. 

The tissues were immediately removed to modified Davidson’s fixative for 
24 hr. Modified Davidson’s solution comprises 30 parts 95% ethyl alcohol, 20 parts 
glacial acetic acid, ten parts formalin (37% ), and 20 parts distilled water. 

Following fixation, the tissue samples were trimmed and placed in 70% 
alcohol for 1 hr. The sections were progressively dehydrated in 80%, 95%, and 
absolute alcohol for periods of 1 hr. each, previous to embedding in paraffin. Once 
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the blocks of paraffin had solidified, the sections were cut at 10 » and attached to 
elass slides by gentle warming. 

Prepared slides were placed in xylene for 3 min. to remove the paraffin and 
then transferred to a 1.5% celloidin solution. Celloidin, a purified form of the 
nitrocellulose collodion, was required to protect the tissues against the stringent 
acid hydrolysis which followed. 

After 4 min. in celloidin, the slides were briefly air-dried until the protective 
film became firm, and were finally hardened in 70% alcohol. Thus protected, 
the slides were transferred to 7 NV HCl for 15 min., to undergo a period of hy- 
drolysis. Upon completion of the hydrolysis and prior to entering the buffered 
staining solution, it was essential to carefully rinse the slides in distilled water, 
to prevent the alteration in pH of the stain by acid carry-over. 

The stain used was a Thionin solution buffered to pH 5.7 + 0.2. The saturated 
solution of Thionin stain in 50% alcohol was adjusted to the desired pH with 
Michaelis’ universal buffer and 0.1 NV HCl, according to the formula presented 
by Gortner and Gortner (2). 

After 15 min. had elapsed, the slides were removed from the stain, briefly 
differentiated in 70% alcohol to remove the excess dye, then dehydrated for 
4 min. in reagent-grade p-dioxane. Final clearing in xylene prior to mounting 
with Diaphane completed the staining procedure. 

Slides were examined under oil immersion and, using a 95 X objective and 
20 X eyepieces, it was possible to obtain a 1,900 < magnification. Resolution at this 
magnification was good. 

A slide from each liver sample of the ten females and ten males was stained 
and a random number was attached to this slide by a disinterested person. With 
the sex unknown to the observer, the number of cells contiining a definable 
chromatin clump attached to the nuclear membrane was recorded. The sexes 
of the animals were predicted from this information. The observations were in- 
cluded only in instances where the nuclear membrane was clearly defined and the 
cell appeared normal. One hundred cells from each slide were examined. 

The procedure established for demonstrating a sex difference in the liver cells 
of cattle was tried on pancreas and adrenal tissues from two cows and a bull, so as 
to evaluate its application to other somatic tissues. Cell counts and general obser- 
vations were recorded. 

Photographs depicting the typical appearance of liver tissue for each sex were 
taken at 960 X magnification and enlarged to 2,000 X the original cell size. 


RESULTS 

The nuclei of the liver, pancreas, and adrenal emerged from the rigorous acid 
hydrolysis and staining procedure detailing the nuclear membrane and several 
intranuclear inclusions. The plasmosome which appeared inconstant in shape and 
inconsistent in its uptake of stain was generally present, accompanied by a number 
of stained chromatin clumps. One of these ciumps, a small, sharply defined 
planoconvex, slightly chromotropic mass, apposed to the inner surface of the 


nuclear membrane, was evident in many of the tissues derived from females. 
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A similar-sized chromatin knot, exhibiting the same position and color charac- 
teristics, was seldom present in cells of male origin. 

It was logical to interpret that the chromatin mass discernible in the cells 
of the three tissues, but predominant in the one sex, corresponded to the sex 
chromatin reported in the neural nucleus of this and a number of other mam- 
malian species. 

Generally, the nuclei of stained cells were vacuolar in appearance and, in 
many cases, cells near the surface of the sections were almost devoid of any 
chromatin material. Those toward the center of the section responded in a more 
consistent manner to acid and stain. In the male cells that had undergone an 
almost complete removal of karyosomal material, a small triangular, sharply 
staining body was found attached to the nuclear membrane. Its size was approxi- 
mately half that of the sex chromatin found in female tissues. 

A total of 68% of the female liver cells examined contained the sex chro- 
matin, whereas only 10% of the male cells retained any suggestion of its presence. 
No obvious differences were noted between castrate and nonecastrate male cells. 
The incidence of the sex chromatin in female pancreatic cells approximated 
62%, whereas similar cells of males contained only 10%. In comparison, the sex 
chromatin was found in 61% of female adrenal cells examined, but could be 
recorded in only 9% of the male nuclei. These figures are summarized in Table 1. 


TABLE 1 


The incidence of the sex chromatin in three somatic tissues of cattle listed aceording to sex 








Incidence of sex 








Type of tissue Sex of tissue chromatin 
(Fo) 
Liver Female 68 
Male 10 
Pancreas Female 62 
Male 10 
Adrenal Female 61 


Male 9 


Photographs of the liver cells contrast the typical sex difference, dependent 
on the presence of the smal) overt chromatin dot (Figures 1 and 2). It must be 
remembered, however, that the photographs are unable to adequately relate the 
chromotropie properties of the sex chromatin. It should also be recognized that 
the inability to maintain a focus for each cell in the photographic field often 
exaggerates the significance of other karyosomal particles. Under the microscope 
these particles resolve into shells of chromatin, whereas the sex chromatin, by 
virtue of its dense heterochromatic mass, remains visible over a larger range 
of foci. 

To validate the staining technique as a method for sorting tissues according 
to sex difference, 20 stained slides, one taken from each liver sample, were ran- 
domly numbered by a disinterested person. Observations entailing the number of 
sex chromatin per tissue group were compiled. This information was utilized to 


predict the sex of tissue and, hence, the sex of the animal. 
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Fig. 1. Liver nuelei of female origin. The tissue was stained under standard conditions 
with other cell types and displays the sex-specific sex chromatin. The two nuclei, upper right, 
clearly illustrate the chromatin dot attaced to the inner face of the nuclear membrane. (2,000 X ) 


The results of these predictions are included in Table 2. The sex of 19 
tissues was correctly predicted, but the remaining slide, random number 709, 
was mistakenly presaged as a female. Poor stain uptake and the large number of 
karyosomal particles contributed to the error. 


DISCUSSION AND CONCLUSIONS 


The sex chromatin, discovered by Barr and Bertram (1) in cat neural cells, 
and which is thought to be a derivative of the XX sex chromosome complex, is 
clearly perceptible in liver, pancreas, and adrenal tissues of cows. The inability 
of Moore et al. (11) to show a sexual dimorphism in other than neural tissue was 
undoubtedly dictated by the methods which they employed. They stained their 16 
somatic tissue samples with Harris’ haemotoxylin and eosin and Feulgen’s stain, 
and were unable to differentiate the sex chromatin from a large group of well- 
stained karyosomes. Feulgen’s method employs a short period of acid hydrolysis 
which is not severe enough to remove the extra chromatin clumps. Klinger (6) 
adapted Feulgen’s method, suggesting that 5 N HCl for 20 min. was the most 
satisfactory period of hydrolysis for clearing human tissue. 
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TABLE 2 


Random 
number of 
slide 


Castrate 


males. 


Per cent of 
nuclei including 
the sex 
chromatin 


6S 
45 
66 
76 


65 


16 
61 
iv 
10 


tissues 


according to the 


nuclear morphology 


Predicted sex 


Female 
Female 
Female 
Female 
Female 
Male 
Male 
Male 
Female 
Male 
Male 
Female 
Female 
Male 
Male 
Female 
Female 
Male 
Female 
Maie 


Actual sex 


Female 
Male 
Female 
Female 
Female 
Male 
Male 
Male 
Female 
Male 
Male 
Female 
Female 
Male 
Male 
Female 
Female 
Male 
Female 
Male 
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By further increasing the acid concentration to 7 NV HCl and reducing the 
immersion period to 15 min., a satisfactory method has. been evolved to remove 
excess chromatin from cattle somatic cells. As Klinger (6) points out, after 
intense acid hydrolysis of the nuclei, the sex chromatin remains merely a cell 
marker, and is of little use in providing data on the size, ultrastructure, and 
origin of the nuclear inclusion. 

Graham and Barr (4), working with the cat, and Walsh (14) with the golden 
hamster, had difficulty in identifying the sex chromatin in liver tissue, but Prince 
et al. (12) and Moore and Barr (10), working with the monkey and human, 
respectively, did not encounter any similar problems. There was little differ- 
ence between the staining properties of the three somatic tissues of cattle. It is 
difficult to resolve the anomalies of the staining characteristics found for different 
species and cell types. 

The initial attempts to identify the sex chromatin in cattle somatic cells were 
unyielding, as large numbers of grossly staining karyosomes were generally 
present. An exacting approach to the clearing of the cell with acid and a,different 
method of de-staining to that used by Klinger and Ludwig, eventually led to the 
‘‘unmasking’’ of the sex chromatin. 

Klinger and Ludwig (7) differentiated stained human tissues in 50 and 
70% alcohols, and then dehydrated gradually with 80%, 95%, and absolute 
alcohol. Resulting from a persistent inability of the cattle cells to retain the 
stain against the effects of aleohol, it was decided to differentiate to a desired 
color intensity with 70% aleohol, then use p-dioxine as the dehydrant. Dioxine 
only combines with the excess water molecules, and is less likely than alcohol to 
interact with the nucleoproteins. 

Grumbach and Barr (5), in their review of the sex chromatin, are reserved in 
their opinion as to the apparent absence of the sex chromatin in nonnervous 
tissues of cattle. The chromosome number of cattle observed by Makino (8) 
was 60, and included an XY complex for the male. This information, along with 
the circumstantial evidence involving the XX-chromosome complex with the sex 
chromatin, made it untenable to accept the premise that the chromatin body was 
specific only to nervous tissue. However, it is now proven that the sex chromatin 
is present in other somatic tissue of cattle. 

It is of interest to comment on the presence of the small chromatin dot which 
remains in the nuclear periphery of male cattle cells after extreme hydrolysis. 
Graham (3) has shown the presence of a body similar to the sex chromatin, but 
about half the size, in male opossum cells. As the X-chromosome is unduplicated 
in the male, it is surmised that the X-chromosomal heterochromatin should be 
discernible in male cells, but experience indicates that in most species the large 
number of autosomal chromocentres of similar size precludes the identification of 
the X-chromosome. It is suggested that the weakly chromotropie mass in the 
periphery of the male cells of cattle could be the heterochromatic rest of the 
X-chromosomes. 

The finding of the sex chromatin in non-neural somatic cells of cattle further 
clarifies the picture of a sexual dimorphism in mammals. With-a technique 
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now available for identifying sex at the cell level, a more precise understanding 
of sexual development and formation of embryonal tissues of Artiodactyla should 
be possible. 

Besides being of academic interest, the detection of sex-dependent differences 
of nonnervous cattle cells may have some applications in the field. Serr et al. (13) 
proposed that the study of cells in amniotic fluid might be useful in antenatal 
sex determination in veterinary practice. As Moore et al. (11) were unable to 
detect the sex chromatin in non-neural somatic tissues, they could not accede 
to this idea. However, with the method described in this paper showing the 
imprint of sex in readily available cells, it is feasible that antenatal sex determi- 
nation may be possible. The amniotic sac of cows is accentuated and voluminous, 
so that fluid containing the exfoliated cells of the offspring might be obtained 
by aspiration without injuring the foetus. 

Another aspect of utilizing a sexual dimorphic cell marker should be explored. 
If the in utero sex of the embryo can be determined in the cow, it may be possible 
to gain an understanding of the effects of hormonal imbalances and maternal 
anomalies on embryo development. Information from these studies may be 
helpful in elucidating maternal interactions in other mammalian species. Un- 
fortunately, the availability of intersexes of domestic species is limited as farmers 
generally slaughter these animals. The work of Moore et al. (11) showing that the 
freemartin is chromosomally a female is a good example of the application of 
somatic cell sex differences to the understanding of a functional aberration. In 
the future, similar studies may lead to a more complete comprehension of sex 
differentiation and its physiological ramifications. 
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EFFECTS OF VARIOUS POSTPARTUM TREATMENTS UPON 
THE REPRODUCTIVE EFFICIENCY OF DAIRY COWS?" 


N. De D. BROWN, Jr., K. O. PFAU, R. E. MATHER, ann J. W. BARTLETT 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 

The effects of postpartum treatments on subsequent reproductive performance were 
observed on 305 reproductive cycles of 137 Holstein cows from 1953 to 1957. 

Cows were assigned to treatment lots, as they freshened, within Group A, normal 
ealving, or Group B, abnormal calving (dystocia and/or placenta retained more than 
12 hr.). Animals in Group A, Lot I, received no treatment, while those in Lot IT received 
one intrauterine administration of one oblet containing 500 mg. Aureomyein HCl within 
one day after parturition. In Group B, the animals usually were treated daily untii cured. 
Lot I received oblets containing 15 g. sulfamethazine (Sulmet) and Lot II reeeived only 
Aureomyein. A no-treatment lot, Lot III, was added to Group B after the experiment 
had been in progress about 2 vr. Owing to the few observations and the great variation 
in the behavior among animals in this lot, the data were evaluated by case studies. 

Among Group A cows, no significant differences in breeding efficiency due to treat- 
ment could be demonstrated between Lots I and II. Cows in Group B responded more 
favorably to Aureomyein than to Sulmet treatments (P ca. 0.09 for conception interval). 
The breeding efficiency of cows in Lot B-I] approached the level of normal cows. It was 
shown that some abnormally parturient cows must be treated, to survive. 


Parturition and the onset of lactation by themselves represent a period of 
stress for dairy cows. In addition, many parturitions divert from an accepted 
normal and desirable pattern. Slight to severe disturbances often accompany 
them or are followed by conditions which bring about infection, inflammation, 
and systemic toxicity. Such abnormalities frequently lead to temporary and 
even to complete sterility. Retained fetal membranes, 8.3 to 12.9% of all par- 
turitions in brucellosis-free herds (7, 8, 11), and dystocia, 13.1% (7) are of 
prime importance in this respect. They are generally diagnosed without difficulty, 
although retention of some parts of the placenta and minor cases of dystocia may 
and will be overlooked even by the attentive herdsman; some of these may cause 
equally severe disturbances when neglected. 

Dystocia occurred most frequently in first-calf heifers and diminished with 
advancing age (7), whereas retained placenta cases were lowest in_first-calf 
heifers but inereased in numbers with advancing age (9, 13). Both have been 
shown to contribute materially to temporary and permanent sterility (7, 12). To 
decrease these losses, many kinds of treatments have been tested and recommended 
in the past. More recently, treatments with a variety of antibiotics have proved 
to be especially useful in controlling the after-effects of these abnormalities. 
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Wilson (16) found penicillin to be superior to any other available agent at 
the time of observation for the treatment of metritis. To avoid toxicity generally 
caused by retained fetal membranes, Newlin (10) reported very favorable results 
with 0.5 to 1.0 g. intrauterine doses of Terramycin, administered at intervals of 
36-48 hr. after calving. Bosshart (2) used larger doses of 1 and 2 g. of Terra- 
mycin with about equally good results. Beattie (1) treated 612 retainers with 


5-g. oblets of Aureomyein (0.5 g. crystalline Aureomycin hydrochloride) in con- 
junction with 15-35 g. stilbestrol intramuscular injections. All except two metritic 
cows overcame the defect without evidence of infection or septicemia. Equally 
effective results with Aureomycin were obtained by Easterbrooks and Plast- 
ridge (5). The retained placenta cases treated at intervals of 48 hr. with 
500 mg. of Aureomyecin routinely required fewer services per conception, and had 
a shorter calving interval than either the retained placenta cases treated at 
24-hr. intervals or the normal calving group receiving no treatment. 

An interest in improving reproductive efficiency in dairy cows prompted this 
investigation of routine treatments on apparently normally parturient cows 
and of different treatments on abnormally parturient cows under conditions of 


practical herd management. 


EXPERIMENTAL PROCEDURES 


All data for this study were obtained from the records of the Holstein- 
Friesian herd at the Dairy Research Farm of the New Jersey Agricultural Ex- 
periment Station, Sussex. The experiment was started in the fall of 1953 and 
extended over a period of about 4 yr. During this time, a total of 305 reproduc- 
tive cycles from 137 cows became available. 

All cows were assigned, as they freshened, to one of two groups. Cows which 
freshened apparently normally were assigned to Group A; those experiencing 
dystocia and/or retaining their placenta more than 12 hr., were assigned to 
Group B. Within each group, the cows were alternately assigned, as they calved, 
to treatment lots in the following manner: 

Group A 

Lot I—Cows calving apparently normally and receiving no treatment at par- 
turition. 

Lot 1I—Cows calving apparently normally and receiving one intrauterine 
treatment of Aureomycin (one 500-mg. oblet) within a day after 
parturition. 

Group B 


Lot I—Cows having abnormal parturitions and treated with Sulmet (sul- 





famethazine—15 e. per treatment) until apparently cured. 

lot II—Cows having abnormal parturitions and treated with Aureomycin 
(500 mg. per treatment) until apparently cured. 

Lot I1I—Cows having abnormal parturitions and not treated, or not treated 

until death seemed imminent. 
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It was the responsibility of the herdsmen to assign animals and administer 
treatments as preseribed. Upon occasion, if an animal did not respond favorably 


to a particular treatment or if its condition warranted immediate attention, as 


indicated by a sudden rise in temperature, anorexia, or general toxic symptoms, 
the animal was removed from the experiment and placed under veterinary care. 
Those animals, along with a few animals that received, through error, treatments 
that were not prescribed, comprised a mixed-treatment lot. 

Cows experiencing abnormal parturitions (Group B) usually were treated 
daily either with Sulmet (Lot I) or with Aureomycin (Lot I1). On the average, 
each cow required four treatments in either Lot I or Lot II. 

The herdsman, at his discretion, allowed the retained fetal membranes to drop 
of their own accord, or removed them manually at such a time that they could be 
removed without observable damage or discomfort to the cow. 

Lot III was not added to Group B until about 2 yr. after the start of the 
experiment. This lot, comprised of cows that experienced abnormal parturitions 
and received no treatment, was to serve as a control group. On account of 
the time limitation, only a relatively few records could be accumulated. Since 
these records were found to be extremely variable, it was decided not to include 
them in a general analysis of the data but, rather, to present them as individual 
case studies. 

The effects of postpartum treatments were evaluated by several measures ; 
namely, by the number of services per conception, nonreturns to first service, 
service period (days from calving to conception), and conception interval (days 
from first service to conception ). 

The statistical analysis of the data followed standard procedures in respect 
to the analysis of variance and Chi-square test, as described by Snedecor (14). 


RESULTS AND DISCUSSION 


Reproduction is seldom extinguished completely, even when conditions are 
adverse for the best expression of a high level of fertility. Neither is there any 
clear line of demarcation between impaired fertility and sterility. Because 
of this limitation, it is often impossible to determine accurately how much any 
particular factor improves or lowers breeding efficiency. Moreover, a single 
measure may not give a true indication of the breeding merit of every individual, 
although some measures may appear to have greater sensitivity than others in 
detecting differences in breeding efficiency. Consequently, different measures were 
employed in the evaluation of breeding efficiency. 

The summarized data as presented (Table 1) revealed that the breeding 
efficiency of all cows (232) that conceived again was at a high level. Considering 
the original 305 reproductive cycles, 13 of these were described in Table 2. The 
remaining 60 could not be included for various reasons: incomplete records at the 
close of the experiment, 3; cows not being treated after assignment to a particu- 
lar lot, 10; cows sold or died before being bred, 19; cows bred but removed before 
pregnancy could be confirmed, 8; cows sold as trouble breeders, 9; and sterile 
cows (not in calf after at least 9 mo.), 11. 
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TABLE 1 
Average effects of various postpartum treatments on four criteria of breeding efficiency 








Services Non- 
Repro- per returns Coneep- 
ductive concep- to first tion Service 
eycles tion service interval* period” 
(No.) (No.) (%) (days) (days) 
Group A—Normal calving; placenta dropped 
within 12 hr. 
Lot I—No treatment 96 1.47 67 19 97 
Lot Ii—Aureomyein HC]—500 mg. 84 1.78 53 30 102 
Group B—Abnormal calvings; dystocia or 
placenta retained more than 12 hr. 
Lot I—Sulmet (sulfamethazine )—15 g. 
per treatment until cured 
As planned 18 1.78 50 36 113 
Aureomycin after 4+ days‘ 6 2.50 33 62 134 
All cows 24 1.96 46 42 118 
Lot 1I—Aureomycin—500 mg. per treat- 
ment until cured 
As planned 25 1.64 61 21 96 
Plus Sulmet by error 3 1.33 67 6 76 
All cows 28 1.61 61 19 94 
Grand total—all animals 232 1.65 59 25 101 
63 59 25 101 





Mixed animal deleted 223 Le 





“Days from first service after parturition to conception. 

"Days from parturition to conception. 

© Due to failure to respond favorably to Sulmet treatment, Aureomycin was used after four 
or more days. 


During the course of the experiment, six of the original 24 B-I cows did not 
respond favorably to Sulmet treatment. Eventually, these cows had to be taken 
off the Sulmet treatment and were treated with Aureomycin. This development 
had important implications in the comparison of nonantibiotie versus antibiotic 


TABLE 2 


Case study summary of abnormally parturient cows assigned to no-treatment group (B-II1) 





: Breeding efficiency 
Freshen- - 














Cow No. ingage Condition Retained Treatment S/C* SP” Consequence 
(case) (yr.-mo.) (days) (No.) (days) 
H911 2-5 Dystocia None Sold—not bred 
H913 2-1 Dystocia None 1 50 Sold—pregnant 
H923 2-2 Dystocia None Sold—paralyzed 
H890 2-2 Dystocia None 2 119 Normal ealving" 
H831 4-8 Retained 2 None 1 83 Aborted 
H811° 5-4 Retained 3 After 4 wk. 3 102. Normal calving" 
H807 4-4 Retained 6 None 2 111 A borted—sterile—sold 
H760 5-6 Retained ey ree None 1 80 Normal ecalving* 
H689 8-6 Retained 2 or more None Sold—udder complications 
H687 8-2 Retained ake After 3 drys 1 82. Normal calving" 
H671 9-7 Retained 9 After 3 days 1 78 Sold—pregnant 
H669 10-1 Retained : None 2 73 Pregnant 
H578 11-11 Retained 6 After 6 days Infertile—sold 








Services per conception. 

Service period, the days fron parturition to conception. 

“ Treated for pyometra with antibiotics 4 and 6 wk. after calving. 
“Normal calving at next parturition. 
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treatments, since none of the B-II cows required any treatment other than Aureo- 
mycin to bring about recovery. Rather than delete the six records that did not 
follow the treatment plan of the experiment, the data were analyzed both with the 
records deleted and with them included. 

There were several indications that cows did not respond well to sulfonamides. 
Several years ago, Fincher (6) observed that sulfanilamide itself, and some 
other sulfa products, seemed to be irritating to the bovine uterus when affected 
with retained placenta or metritis. 

Services per conception. Normal cows receiving Aureomyecin (A-II) aver- 
aged 0.31 service higher than the A-I cows (P ca. 0.07), indicating that if any 
effect might be present it would be deleterious. The advantage of Aureomycin 
over Sulmet (Group B) was slightly greater (0.35 service less), but also was not 
statistically significant. 

In an earlier study of this herd, Pfau (13) reported that cows which gave 
normal birth required an average of 2.10 services for the next conception, whereas 
cows whose calvings were accompanied by retained placenta required an average 
of 2.92 services for the next pregnancy. The observed improvement in breeding 
efficiency within this herd was undoubtedly due to a combination of factors, but 
one factor of importance was probably the effectiveness of Aureomycin as a 
method of treating abnormally parturient cows. 

Nonreturn to first service. The A-II cows had a considerably lower concep- 
tion rate (53%) than the A-I cows (67%). A Chi-square test of differences of 
nonreturns to first service showed the probability to be about 0.07, a value which 
was the same as found by using the method of analysis of variance on services 
per conception. The difference between the 46% nonreturn rate for the B-I cows 
and the 61% for the B-II cows.was again too small for significance with the 
numbers available. 

Service period. The A-I cows required on the average 97 days for conception 
as compared with 102 days for the A-II cows, a minor difference. When the 
mixed-treatment animals were included in the analysis, the B-I] cows conceived 
about one estrous period sooner (24 days) than the B-I cows (P < 0.10). 

Easterbrooks and Plastridge (5) studied the effects of Aureomycin therapy 
for retained placenta, using calving interval as one of the measures of breeding 
efficiency. By subtracting from their calving interval an average gestation length 
of 281 days, the resultant interval could be called the service period. On this 
basis, the service periods were found to be 111, 96, and 118 days for the retained- 
placenta cows treated every 24 hr. with 500 mg. Aureomycin, retained-placenta 
cows treated every 48 hr. with 500 mg. Aureomycin, and the normal cows re- 
ceiving no treatment, respectively. The service periods for those cows treated 
with Aureomycin compared very favorably with the 96-day service period found 
for the cows treated with Aureomycin in this experiment. 

Conception interval. Differences between treatments seemed to be most easily 
detected by the use of conception interval (days from first service to conception ) 
as the measure of breeding efficiency. When the mixed-treatment animals were 


deleted, a difference of 11 days (P < 0.10) existed between A-I cows (19 days) 
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and the A-II cows (30 days). When the mixed-treatment animals in Group B 
were included, average treatment effects differed significantly (P < 0.05). Specific 
treatment comparisons revealed that the 11-day difference between A-I and A-II 
cows and, particularly, the 23-day difference between B-I and B-II cows, proved 
to be intervals of real importance (P ca. 0.06). 

The average number of days from first service to conception for all cows 
in each lot ranged from 19 to 42 days, with an average of 25 days for all 232 
reproductive cycles. This was considerably less than the 47-day range found 
by Tabler et al. (15) in a study of cow families. The over-all conception interval 
in this investigation was expected to be smaller, because the average breeding 
efficiency of the cows was at a higher level than in either of the two other popu- 
lations studied. 

Aureomycin treatment seemed to be superior to Sulmet treatment, although 
the observed differences in breeding efficiency were not supported by conclusive 
evidence because all the tested measures were not statistically significant. But 
in any event, all their differences were in favor of Aureomycin. Bunkhart (3) 
has shown that the activity of Aureomyein has a much greater spectral range 
than sulfonamides and that only a minimum blood concentration was necessary 
for therapeutic effect as compared with the greater concentration necessary for 
sulfonamides. If Aureomycin was superior in controlling harmful bacteria that 
flourish in the uterus during the condition of retained fetal membranes, or that 
are encouraged by injury inflicted during parturition, and at the same time 
caused no irritation to the uterine tissue, there is good reason to believe that 
cows so treated would not suffer from impaired fertility. In view of this evidence 
for consistent improvement of breeding efficiency, and recognizing that six cows 
on Sulmet treatment did not respond favorably, it seemed justifiable to attribute 
the better breeding efficiency to the therapeutic effects of Aureomycin. 

Case studies of abnormally parturient cows (B-IIIT). The results of this part 
of the experiment appear to have both practical and theoretical importance. 
A summary of the case studies (Table 2) showed that, from a practical stand- 
point, under the conditions of this experiment, all cows experiencing dystocia or 
retaining their fetal membranes, could simply not be neglected and exposed to 
the harsh laws of nature. Some cows manifested their unhealthy state within a 
few days after freshening and required immediate treatment, to survive. Other 
abnormal cows receiving no treatment at parturition did not appear to be ad- 
versely affected immediately but were possibly affected later through impaired 
fertility. Actually, only six cows followed the no-treatment plan of the experi- 
ment and conceived later on, providing some criteria for measuring breeding 
efficiency. In addition to the small number of observations, there was the problem 
of distinguishing clearly between normally and abnormally parturient cows. 

There can be no question that some cows must be treated, to check the septic 
condition which may develop. In severe cases, death would have resulted if those 
animals had not been placed under veterinary care. Of the nine retained placenta 
cases, at least three cows fell into this category. Four of the nine cows eventually 
required treatment. This figure was considerably higher than Palmer (11) 
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found in his clinical no-treatment study of 44 retained placenta cases, where 
only 9% became septic and required treatment. The wide variation in the length 
of time (range three to nine days) before treatment was required indicated the 
individuality of each cow’s condition. As Chambers et al. (4) pointed out, seldom 
was the degree of infection the same for the different cows experiencing retained 
placenta. Therefore, it was illustrated that the best recovery could be attained 
only when each case was handled individually under close observation. 

The importance of dystocia is often underrated as a source of impaired fer- 
tility in the next reproductive cycle. Four of the 13 abnormal parturitions 
(Table 2) were classified as dystocia cases and all occurred in first-calf heifers. 
These observations supported Henderson’s (7) findings, that the greatest propor- 
tion of all dystocia cases was found in first parturitions. This was expected, when 
consideration was given to all those females that were eliminated because of 
physical malformation or other factors causing serious damage at parturition 
and, therefore, did not have a chance to express this difficulty at a later calving. 

Breeding efficiency information from Group B, Lot III, supported few definite 
conclusions. It appeared that all the cows had good breeding efficiency on the 
basis of conception rates, although, of the nine animals that did conceive again, 
three animals aborted after receiving no treatment at parturition and one of 
these became sterile. Conversely, some cows did not appear to be adversely 
affected through no treatment. The inability to determine accurately to what 
degree cows can depart from normal before being considered abnormal un- 
doubtedly accounted for some of the variation in response to no treatment. 

It may be concluded that cows with abnormal parturitions, retained placenta, 
or dystocia, should be given individual attention and, in many cases, must have 
treatment in order to survive and/or maintain satisfactory breeding condition. 
Intrauterine oblets of Aureomycin appeared to be superior to Sulmet for this 
treatment and cows treated with Aureomycin had breeding efticiency comparable 
with cows having no abnormalities at parturition. 
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THYROID FUNCTION OF MONO- AND DIZYGOUS CATTLE TWINS ! 


B. N. PREMACHANDRA, G. W. PIPES, anp C. W. TURNER * 
Department of Dairy Husbandry, University of Missouri, Columbia 


SUMMARY 


Several indices of thyroid function were evaluated at various times of the year in 
three sets of cattle twins, of which two were classified as monozygous and one as dizygous 
on a phenotypic basis. The phenotypic diagnosis of monozygous twins based on morph- 
ological characters agreed well with the diagnosis by the determination of thyroid fune- 
tion. Similar observations were recorded when the twins were under different hormonal 
therapy. It is suggested that determination of thyroid function during the winter months 
(cold environment) might greatly facilitate an objective diagnosis of monozygocity. 


The value of monozygous dairy cattle twins in physiological and nutritional 
studies has been recognized since the pioneer studies in Sweden and New Zealand. 
The recent reviews by Hancock (2) and Brumby (1) summarized the current 
information on the use of twin cattle in experimental work. The identical genetic 
constitution of monozygotic, or one-egg, cattle twins permits one to assess more 
accurately the influence of several environmental and endocrine factors upon the 
performance of dairy cattle independent of the genetic effect: in certain in- 
stances, they are also of great value from an economical standpoint, as reduced 
numbers of twins are required in experimental work, due to their greater uni- 
formity for many productive characteristics. 

There were three sets of twins in the herd at the Missouri Station, of which 
two pairs were suspected of being monozygous and one pair dizygous on a pheno- 
typic basis, as indicated by morphological characteristics (body conformation and 
head shape). Thyroid function was evaluated in the three pairs of twins at various 
times of the year and also under different hormone therapy. The present report 
deals with the performance of the twins under the conditions mentioned above. 


EXPERIMENTAL PROCEDURE 


All the twins in the experiment (1-1.5 yr. of age) belonged to the Jersey breed 
and were kept in a dry lot, except when milked. Hay and a concentrate mixture 
were fed throughout the year to avoid changing pastur® conditions. A block of 
iodized salt was always available. Three hundred microcuries of carrier-free radio- 
iodine (Nal'!) were injected intravenously into each animal at the beginning 
of the experimental period and thyroidal I'*! measurements were made daily by 
the technique of Pipes et al. (5). The indices of thyroid activity were the uptake 
of 1?! the normal release of I'*! from the thyroid (k’4), the net release of [?*! 
under a goitrogen (k’4) and, finally, the thyroxine secretion rate. Estrogen and 


Received for publication March 27, 1959. 


Contribution from the Missouri Agricultural Experiment Station. Journal Series No. 1983. 
Approved by the Director. 

“Aided in part by a grant from the U. S. Atomic Energy Commission, Contract No. 
AT (11-1)-301. 


1346 








Kas nt 














































THYROID FUNCTION OF CATTLE TWINS 





1347 


progesterone used in the experiment were dissolved in olive oil prior to subeu- 
taneous injection. 
RESULTS AND DISCUSSION 

Uptake of I7*!, A study of the I'*! uptake during the course of the year re- 
vealed a much greater similarity in the sets of Twins G41 and G42 and 158 and 
159 than in 24 and 76 (Table 1). Hence, it appears unlikely that Twins 24 and 76 
i can be monozygous; whereas, the reverse could be true of Twins G41 and G42 
7 and 158 and 159. Nearly identical I'*' uptake has been reported in monozygous 
twins by Swanson et al. (8). However, the uptake of I'*! has been shown to be a 
poor criterion of thyroid function in cattle by Lodge ef al. (3) and Swanson et al. 

7), and wide variations in uptake of I'*! during the course of the year appar- 
ently unrelated to temperature have been found in our work, also. 

Release of I"! from the thyroid gland. 1'*4 release measurements are generally 
regarded as better indices of thyroid function than the uptake of iodine, since they 
are more directly related to hormone secretion. The method of determining the 
rate of release of I'*' from the thyroid gland has been amply described by Pipes , 
et al. (5). As in the case of uptake, the suspected dizygous twins showed much 
more variability in the rate of release of I'*! from the thyroid (k’4) than the 
other two sets of twins (Table 1). A similar trend was also noticed when the rate 
of release of I'*! from the thyroid gland under a goitrogen (to prevent recycling 
of I'*! from the metabolized hormone) was compared (Table 1). The uptake and 
release studies seem to agree with the phenotypic observation that Twins 24 and 
76 are dizygous. Since very similar values for uptake and release of I'*! have 
: been reported in identical twins by Swanson et al. (7), our similar values for the 
uptake and release of I'#! in Twins 158 and 159 and G41 and G42 strongly sug- 
gest that they might be identical. 

Thyroxine secretion rates. The rates of release of I'*! from the thyroid gland 
do not measure thyroid gland activity very accurately and discrepancies between 
release rates and thyroxine secretion rates in cattle have been noted by Prema- 
chandra et al. (6). The best method available today for assessing thyroid gland 
function is the determination of the thyroxine secretion rate by substitution 
or replacement technique, which consists in the daily injection of increasing 
amounts of purified 1-thyroxine, with concurrent administration of thiouracil, 
the amount being increased every third day until the release of I'*! is prevented by 





4 inhibiting the discharge of thyrotropic hormone. The thyroxine secretion rates 
in Twins G41 and G42 were almost similar throughout the year, and a seasonal 
variation in thyroxine secretion rate was readily apparent in all the twins (Fig- 
ure 1). A maximum of only 8.3% difference in thyroxine secretion rate was noted 
in a few estimations (Table 1). In the other pair, 158 and 159, thyroxine secretion 
rates were similar in all the estimations. But thyroxine secretion rates were found 
: to differ markedly in Twins 24 and 76, and differences ranging from 20-60% 
4 were noted in the several estimations made at various times of the year (Table 1). 
This difference is striking when compared with a maximum of only 8.3% difference 
noted in the other twins. From these data, it is concluded that Twins G41 and G42 
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Fig. 1. The seasonal trend in thyroxine secretion rate of cattle twins at the Missouri 
Station is shown. The pronounced disparity in thyroxine secretion rates of dizygous twins in 
the winter season can be clearly seen. 


and 158 and 159 are monozygotic and Twins 24 and 76 dizygotic. However, it 
appears that Twins 24 and 76 show greater degrees of similarity in these thyroid 
function tests than do unrelated animals. 

Effect of estrogen and progesterone, and progesterone. Some of the heifers 
in the herd received estrogen and progesterone in a ratio of 1: 1,000 in connection 
with an experiment to stimulate mammary gland growth. It was considered inter- 
esting to study how these twins would react to different hormonal treatments. For 
this purpose, 300 ye. of Nal'*! were injected intravenously into each animal and 
thyroidal measurements were made according to the method already described. 
After obtaining a control period for normal release for five days, 100 yg. of estro- 
gen and 100 mg. of progesterone were injected subcutaneously daily in all the 
twins for five days and the release rates of I'*! determined. Under this treatment, 
also, the release rates were nearly equal in Twins G41 and G42 and 158 and 159 
(Table 2). Greater differences were noticed in Twins 24 and 76 (Table 2). A 
similar pattern of behavior was noticed when 100 mg. progesterone alone was ad- 
ministered daily for six days (Table 2). Estrogen and progesterone, and prog- 
esterone administered at the above levels, had no effect on the normal thyroid 
hormone release rate. Incidentally, this level of progesterone (i.e., 100 mg/day ) 
was assumed as a physiological one, since McDonald et al. (4) had shown in the 
bovine that pregnancy could be maintained at this level in the absence of corpora 
lutea. 

From the above discussion, it is readily apparent that the phenotypic diag- 
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TABLE 2 
Normal release of I’ (k’4) in eattle twins during hormonal therapy 
7 Estrogen and progesterone Progesterone” 
win 
No. sefore After Before After 


G41 0029 
G42 0022 
158 0029 
159 00383 
24 LO68 
76 0006 


0001 028 + 0004 0040 +— .0010 0043 + .0008 
002 0026 & .0008 0043 + .0010 .0046 + .0010 
0001 0032 + .0003 
009 0032 — .00O0S 
0008 0070 + 0010 0070 + 0010 0069 
0001 0015 & 0009 0048 & 0006 0050 


0009 
0009 


I+ I+ I+ [+ I+ Ht 


= 
= 


“100 wg. estrogen and 100 mg. progesterone/day/animal. 
»100 mg. progesterone/day/animal. 


nosis of the twins has agreed well with the diagnosis by several indices of thyroid 
function and, in particular, the release rates of I'*! from the thyroid gland and 
the actual thyroxine secretion rate. However, determination of thyroxine secre- 
tion rate in winter holds out better promise in the diagnosis, since an opportunity 
will be provided for the expression of the full genetic potential, and any relative 
inherent deficiencies in thyroid function to combat cold will be exposed. This is 
evidenced by the fact that thyroxine secretion rates in suspected dizygous twins 
are the same at the height of summer (July-August, Table 1), which implies that 
differences in thyroid function are not weil brought out when a lowered plane of 
thyroid activity is the order. Since the number of sets employed in the investi- 
gation was very limited, it can not be asserted categorically that determination of 
thyroid function can be used as the absolute standard in the diagnosis of mono- 
zygocity. If thyroid functional tests are determined with phenotypic diagnosis 
(morphological characters), the relative merits of the former index in the diag- 
nosis of monozygocity in cattle can be evaluated. From the close agreement be- 
tween phenotypic diagnosis and the diagnosis by determination of thyroid fune- 
tion, it is tempting to suggest that thyroxine secretion rate determination in winter 
could play a role in the objective diagnosis of monozygocity. 
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EFFECT ON REPRODUCTION OF FEEDING DIETHYL- 
STILBESTROL TO DAIRY CATTLE! 


Cc. B. BROWNING,* G. B. MARION, F. C. FOUNTAINE, ann H. T. GIER 
Departments of Dairy Husbandry and of Zoology, Kansas Agricultural 
Experiment Station, Manhattan 


SUMMARY 


Twenty-one cows from the Kansas State College purebred dairy herd and five 
pairs of identical-twin cows were used to determine the physiological effects of low- 
level diethylstilbestrol (DES) feeding on reproductive behavior. The cows were fed 
DES as part of their daily grain ration at levels of 0-20 mg. per 1,000 lb. of body weight. 

Results indicate that the feeding of DES at levels ranging from 5 to 15 mg. had 
no adverse effect on estrous cycle, conception, or gestation. ‘Three cows receiving the 
20-mg. level of DES feeding aborted; however, several other cows fed at this level had 
no reproductive difficulty. 

There were no observable detrimental side effects associated with DES feeding. 


In recent years, supplementing feeds with diethylstilbestrol (DES) has 
become economically important to the beef industry (3, 11). Due to possible 
harmful effeets on the reproductive system, DES-containing feeds have been 
recommended only for fattening cattle. In many areas, cattle owners maintain 
large numbers of commercial cattle for fattening and small breeding herds of 
either beef or dairy cattle. Many of these livestock producers feed DES-con- 
taining feeds to their fattening cattle and would like to know the effect this 
additive might have on breeding stock. 

This study was undertaken to determine the effects on reproductive function 
of feeding low levels of DES to dairy cattle. 

Data on virgin goats brought to lactation by injections of 1.5 mg. of DES 
per week failed to show any harmful effects upon their subsequent breeding 
performance (4). Lewis and Turner (8) reported that there was no effect on 
the normal function of the ovaries in goats receiving 0.25 mg. of DES per day 
for long periods. They also found that treatment during the last half of preg- 
nancy seemed to cause no harmful effects. Several workers (5, 6, 9) found that 
the ovaries of cows became inactive shortly after initiation of treatment, with 
estrogens, either by injection of 170-530 mg. or by implantation of 0.5-5 g. 
Most of the animals exhibited irregular sexual activity without accompanying 
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ovarian function. Also, there were symptoms of nymphomania, such as raised 
tail head, relaxed pelvic ligaments, swollen vulva, and vaginal discharge, ex- 
hibited by all the treated animals to varying degrees. Folley and Malpress (5) 
and Folley et al. (6) found on removal of the implanted estrogen tablets that 
multiple large follicles or cysts occurred in one or both ovaries. This, in the 


majority of cases, was followed by a return to normal cyclic functioning of the 
ovaries. Parks and Bellerly (10) found that injections of estrin during early 
pregnancy invariably caused rapid reappearance of estrus and termination of 


pregnancy in laboratory animals. The amount of estrin required for these 
results varied, but was approximately twice as much as required if the animals 
were in late pregnancy. Relatively large dosages of orally administered estro- 
genic compounds seem to be required to cause abortion in cattle. Folley et al. 
(7) gave a subeutaneous injection of 1 g. of stilbestrol dipropionate in 22 ml. 
of water to each of three pregnant Ayrshires, causing two to abort within 5 wk. 
and the other to give birth to an 8-mo. fetus. These workers also reported a low 
rate of conception in some cows following various estrogen treatments. Reuber 
(12) reported that feeding 10 or 12 mg. of stilbestrol per day in a fattening 
ration had no effect on estrous cycles or on conception. 


EXPERIMENTAL PROCEDURE 


Thirty-one cows including five pairs of identical twins, some not pregnant 
and others in various stages of gestation and lactation, were used. The cows 
were fed either 0, 5, 10, 15, or 20 mg. of DES/1,000 lb. of body weight daily. 

Some of the cows used were slaughtered after the start of the experiment, 
to provide anatomical, histological, and reproductive data. The others were 
allowed to calve and were used to study the effects of DES feeding during fol- 
lowing gestations. 

The cows received regular herd treatment except that they were turned into 
a separate dry lot and received no pasture. An examination of the reproductive 
organs by rectal palpation was made on each cow at the start of the experiment. 
The cows were artificially bred as soon as they came to heat after the start of the 
experiment, provided they had calved at least 60 days previously. The manage- 
ment of the identical twins was essentially the same and has been reported 
previously (2). 

Reproductive organs of the cows were examined per rectum at weekly inter- 
vals, for approximately 60 days following the initiation of DES feeding, and at 
monthly intervals thereafter. 

Cows were observed daily for indication of estrus. Any abnormal behavior 
such as nervousness, bellowing, attempts at mounting other cows, or willingness 
to stand to be mounted was noted. The vulva was examined daily for appearance 
of mucous discharge, hyperemia, and swelling of the labia majora. 

The reproductive organs and adrenal and pituitary glands were removed 
from all slaughtered animals. Gross and histological studies of the traets and 
glands were made to determine any abnormalities. 
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All cows were fed average quality alfalfa hay ad libitum and sorgo silage at 
approximately 2 lb. per 100 lb. of body weight daily. A 17% protein concentrate 
mixture was fed at 1 lb. for each 3.5 lb. of 4% FCM produced. 

DES was provided in a commercial premix.*® The treated cows received DES 
once daily as part of the concentrate mixture. 


RESULTS 


Herd cows. A summary of the data collected on 36 gestations of 21 cows is 
shown in Table 1. Of the 21 cows receiving DES during the first experimental 
gestation, 13 were pregnant at the beginning of DES feeding. Four of these 
cows (126B, 112B, 197A, 180A) were fed DES continuously from the beginning 
of the experiment until parturition, and four cows (123B, 277A, 127B, 128B) 
were fed stilbestrol continuously from the start until the termination of the 
lactations, but were not fed stilbestrol during the dry period. Each of these 
eight pregnancies terminated with the birth, without difficulty, of a normal 
healthy calf. Four of the 21 cows pregnant at the initiation of treatment were 
sacrificed prior to calving. Apparently normal embryos were recovered from 
each cow. One cow (171A), receiving DES at the 20-mg. level, aborted a 150-day 
fetus after receiving DES 79 days. 

Eight herd cows were fed DES prior to conception during the first experi- 
mental gestation. One cow (125B) was bred twice after the beginning of DES 
feeding. This animal conceived 64 days after the initiation of DES feeding and 
calved normally after receiving DES 288 days. Another, (268A), received DES 
90 days before conceiving to the second service and calving normally after re- 
ceiving DES 290 days. Three other cows (482A, 354B, and 130B) were bred 
and conceived after the beginning of the experiment. Apparently normal embryos 
were recovered from these cows at slaughter. The average number of services 
per conception in the College herd during this period was 2.3. 

Two cows (239B, 419B) were bred one and two times, respectively, following 
the initiation of DES feeding. No embryos were recovered from these cows at 
slaughter. Cow 247B conceived to the first service after having received DES 
for 35 days. This cow aborted at 190 days after receiving 20 mg. of DES per 1,000 
lb. of body weight daily 225 days. 

The effects on conception of feeding DES in subsequent lactations are shown 
in Table 1. Of the nine treated cows (123B, 125B, 126B, 127B, 128B, 112B, 
277B, 197A, 180A) which were bred in their second experimental lactations, 
five (123B, 125B, 126B, 180A, 197A) conceived after the first service. Of the other 
four, 127B and 128B conceived after two services, 112B after three, and 277A 
did not conceive after nine services. 

As shown in Table 1, 123B conceived after the first service, which was nine 
days after the initiation of treatment. This cow was on the 20-mg. level and re- 
ceived 26 mg. of DES in its feed per day. This animal aborted on the 140th day 
of gestation. Tests for brucellosis showed that this disease was not likely re- 


* Supplied by Eli Lilly and Company, Indianapolis, Indiana. 
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TABLE 1 


Summary of reproductive data for herd cows fed diethylstilbestrol (DES) 






No. of services 
















Days to conception 
pregnant Days fed 
Level of atstart DESprior Total Pre- During 
Cow* DES fed of ex- to con- days treat- treat- 
No. daily periment ception fed DES ment ment Remarks” 
. ce ee aera rnereRDNmneesintenesumsieniiielintamninecncasn nite seus 







(mg 1,000 
lb. body wt.) 





123B 5 150 0 75 7 0 C.N. 
































20 0 10 150 0 ] Aborted 
140 days 
277. 10 96 0 127 4 0 C.N. 
10 (105 days) 
and 

20 (198 days) 0 303 0 9 N.P.S. 
$824 10 0 72 114 2 2 P.S. 42 days 
197A 15 148 0 129° ] 0 C.N. 

10 9 0 105 ] 0 CN. 

»() 0 120 160 0 2 CN. 

») 0 53 82 0 2 P.S. 180 days 
354B 15 0 82 114 0 3 P.S. 32 days 
419B 15 0 114 0 2 N.P.S. 
268A 10 (105 days) 

and 

15 (185 days) 0 90 290 0 2 ON. 
147B 15 30 0 53 4 0 P.S. 83 days 
396B 15 63 0 53 3 0 P.S. 116 days 

45‘ 15 7 0 112 l 0 P.S. 119 days 
1°7B »() 100 0 120 l 0 CN. 

20 0 59 261 0 2 P.S. 202 days 
LS0A 20) y 0 294! ] 0 ON. 

20) 0 7 263 0 ] C.N, 

20 0 25 68 0 2 P.S. 43 days 
163A 20 70 0 169 l 0 P.S. 239 days 
171A 20 7] 0 79 2 0 Aborted 

150 days 
128B 20) 14 0 21] I 0 C.N. 

a 0 2 0 C.N. 
130B 15 0 22 53 2 l P.S. 31 days 
247B 20) 0 35 225 0 l Aborted 

190 days 
239R 15 0 45 0 l N.P.S. 
125B 5 0 64 288 0 2 C.N. 
15 (208 days) 
and 







(84 days) 


5) (114 days) 












and 
20 (60 days 0 54 174 0 l C.N. 
20 0 30 65 0 1 C.N., 
112B 10 97 0 185" l 0 C.N. 
15 0 110 330 0 3 C.N. 
20 0 117 152 0 + C.N. 






“ No. 100-199 = Holstein; 200-299 Ayrshire; 300-399 Jersey; 400-499 = Guernsey. 
”»C.N.—Calved apparently normally, N.P.S.—not pregnant at slaughter, P.S.—pregnant at 
slaughter. 
“ Milking Shorthorn. 
“Fed DES until parturition. 
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spousible for the abortion. Hlowever, there were several abortions in the herd 
during this time and some of these were definitely attributed to leptospirosis. 
Four of the others (197A, 180A, 125B, 112B) that received DES throughout the 
lactation calved normally. Two (126B, 128B) that did not receive DES during 
the complete lactation also calved normally. An apparently normal 202-day 
fetus was recovered at the slaughter of 127B. 

Four of the herd cows received DES in their third successive lactations. Three 

126B, 180A, 197A) reequired two services or fewer for conception, and the 
other (112B), four services. A normal 43-day fetus was recovered at the slaughter 
of 180A and the three other cows calved normally. Two of these cows (126B, 
197A) were fed DES in their fourth successive lactations and conceived after one 
and two services, respectively. Cow 126B calved normally and an apparently 
normal 180-day fetus was recovered at the slaughter of 197A. DES feeding was 
discontinued shortly after conception in all these cases. 

Identical twins. The results obtained with the identical twin cows are shown 
in Table 2. Treated cows, 82, 83, 195, and 41, conceived after first service; there- 
fore, the average number of services per conception in the treated group of 
twins was 1.0. The average number of services per conception in the control 
group was 2.0. These figures do not include the five breedings of experimental 
cow 85 or control cow 84. Breeding failures in Cow 84 were found to have been 


TABLE 2 


Summary of the effect diethylstilbestrol (DES) had on the reproductive performance 


of identical twin cows during two consecutive gestations 


No. days 
Av. fed DES 
Level of length* prior to Total 
DES fed Times _ of estrus conecep- days 
daily bred cycle tion DES fed Remarks” 


(mg/1,000 (days) 
lb. body 
wt.) 
Lactation I 
0 ‘ 23. C.N. in 281 days 61 Ib. 
10 22.6 5$ 276 C.N. in 282 days 63 Ib. 
0 : 9.7 } N.P.S. oviduets occluded 
10 9. ‘ Q Pregnant 92 days at death 
0 25. COR: 
10 : 21.8 ’ NS. 
0 é 23.5 C.N. in 280 days 82 Ib. 
10 27. : 288 55 Ib. in 270 days 
0 ‘ 24.6 C.N. in 284 days 97 Ib. 
10 1 21. C.N. in 281 days 85 Ib. 
Lactation II 
0 23.6 0 0 C.N. in 280 days 58 Ib. 
10 24.5 58 147 C.N. in 281 days 50 Ib. 
0 j 24.: 0 0 Abort. 117 days 
10 j ot, 175 245 P.S. 138 days 
0) : 26. 0 0 C.N. in 287 days 78 lb. 
+] 10 21. 39 249 C.N. in 276 days 86 Ib. 


‘This ineludes cycles prior to breeding. 

»O.N.—Calved apparently normally, N.P.S.—-not pregnant at slaughter, P.S.—pregnant : 
slaughter. 

“Did not conceive. 





1356 C. B. BROWNING ET AL 


caused by oviductal obstructions. The reason Cow 85 failed to conceive is not 
known ; however, it was abnormal after calving, showing estrous activity every 
four to six days for approximately 60 days. 

Treated cows 82, 83, 195, and 41 conceived 59, 30, 75, and ten days, respee- 
tively, after the inception of DES feeding. An accident caused the death of 
83 after 4 mo. of treatment. An apparently normal embryo was recovered at 
its death. The other three pregnancies resulted in the birth of normal calves. 

Three twins (82, 195, 41) were fed DES in the next lactation. Cows 82 and 41 
conceived after the first services, whereas their pair mates conceived after one 
and two services, respectively. A normal calf resulted from each of these preg- 
nancies. Both twins (194, 195) of the third pair required six services for con- 
ception. The control twin (194) aborted at 117 days and the treated cow had 
an apparently normal 138-day fetus at slaughter. 

Effect on estrus. Approximately 20 to 30 days following the initiation of DES 
feeding, there was a tendency for the vulvas of both pregnant and nonpregnant 
cows to become swollen and hyperemic. This condition could have been mistaken 
as an indication of estrus; however, it persisted only about 2 wk. and during 
this time it did not interfere with normal ovarian function. There was no evidence 
of nymphomania at any time during the experiment in cows being fed DES. The 
ovaries, as determined by rectal palpation, remained functional throughout the 
experiment. Also, the ovaries of all the DES-fed cows slaughtered during the 
course of the experiment showed no indications of abnormal function. While 
length of estrous cycles varied among treated cows, the variation was no greater 
than that normally observed in dairy cattle or in control animals. 

There was no evidence of elevated tailheads, relaxed pelvic ligaments, or 
sunken loins in any of the cows receiving stilbestrol. 

The pituitary, adrenal, and thyroid glands of DES-fed cows were weighed 
and measured immediately after slaughter. No evidence of glandular abnormality 
was noted when these data were compared with weights and measurements of 
glands obtained from control animals. 


DISCUSSION 
The results of this experiment show rather conclusively that the reproductive 
behavior of dairy cows fed DES at levels varying from 5 to 15 mg. per 1,000 Ib. 
of body weight per day will not be affected in the same manner as reported for 
beef or dairy cattle receiving injections or implants of DES. 
Numerous reports of undesirable side effects accompanying the administra- 
tion of DES to livestock are found in the literature (1, 11, 13). The most im- 


portant detrimental manifestation concerning reproduction, usually accompany- 
ing DES administration, is the inactivation of the ovaries. However, inactiva- 
tion of ovaries was not found to take place in beef heifers fed DES at levels 
of 5 to 10 mg. per day ,\3). So far as could be determined, there was no effect 


whatsoever on the ovaries of any of the dairy cows fed DES during the course 
of this study. This lack of influence on ovarian function may be due to the 
small amount of estrogenic material that is absorbed and made available to 
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exert a physiological response. Other points affirming the lack of effevt on the 
ovaries were the normal cycling and conception of the treated animals. 

A major coneern to the practical aspect of DES administration to cattle is 
its effect on pregnancy. The number of cases studied in this experiment indicate 
that 5-15 mg. per day of DES orally administered to dairy cattle has no harmful 
effect on pregnancy. Possibly, it is not safe to feed 20 mg/1,000 lb. of body 
weight of DES daily to pregnant cows, since three on the 20-mg. level aborted 
during the period of treatment. However, it is not possible to attribute these 
abortions definitely to DES feeding, since abortions occurred in untreated 
animals of the College herd during the time of the experiments and leptospirosis 


was a herd problem. 

The only problem routinely encountered in this experiment regarding repro- 
ductive behavior was the hyperemia of the vulva in most of the treated animals. 
This condition did not persist but when present it simulated symptoms of estrus. 
The degree of hyperemia varied with animals and apparently was not directly 
proportional to the level of estrogen administered. 


Another factor leading to the postulation that only small amounts of stil- 
bestrol entered the systematic circulation of the experimental animals of this 
study is the lack of effect on the physical appearance, and the normal appearance 
of the pituitary and adrenal glands. 
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USE OF RADIOACTIVE CHROMIUM OXIDE IN 
DIGESTIBILITY DETERMINATIONS 


E. A. KANE,’ W. C. JACOBSON, anp P. M. DAMEWOOD, JR. 
Dairy Cattle Research Branch, USDA, Beltsville, Maryland 


SUMMARY 


Radioactive chromium oxide was tested as a digestibility indicator in dairy cattle by 
making direet comparisons of component digestibility coefficients with total collection 
procedure and chromium oxide ratio technique. The use of a radioactive isotope as a 
digestibility reference substance was found to save time and labor and, under the condi- 
tions of this experiment, to display about the same degree of precision as the two other 
methods studied. A disadvantage to the use of isotopes in this type of study is the in- 
creased care and expense involved in the disposal and handling of animals and excreta, 
as dictated by current Atomie Energy Commission and Food and Drug regulations. 


Various ratio techniques have been used to measure the digestibility of forages 
and feeds in this and other laboratories. The development of the use of CreOQs 
in the ratio technique, for determining digestibility in place of the conventional 
total collection procedure, has proved to be advantageous. To the authors’ 
knowledge, no radioactive substance has been utilized to determine the digesti- 
bility of nutrients fed to ruminants. Radioactive isotopes applied to digestibility 
studies suggest savings in time and labor, by substituting the automatic read- 
ing of samples for the relatively slow chemical CreQ, assay, and increased 
precision, by reducing the amount of error associated with the chemical analysis 
of CreOx. 

The present investigation was undertaken to determine the efficiency and feasi- 
hility of using radioactive chromium oxide as an indicator in digestibility studies. 
The plan of the experiment was a series of four digestion trials, in three of which 
direct comparisons of digestibilities obtained by different methods would be made. 
The first digestion trial, in which neither ordinary nor radioactive chromium 
oxide was fed, served as a control. The three digestibility methods used were: 

a) the standard total collection procedure; (b) chromium oxide ratio technique ; 
and (¢) ratio technique in which the radioactivity of Cre®'O; was used to caleu- 
late digestibility. 

EXPERIMENTAL PROCEDURE 


Two Holsteins and a Jersey were fed rations of alfalfa hay and alfalfa hay 
plus starch. The alfalfa hay fed was graded as U.S. No. 1 according to U.S. stand- 


ards of hay grades. The starch fed was a commercial cornstarch, Amazo. Daily 


supplements of 100 g. steamed bone meal and 50 g. salt also were provided. In 
Table 1, the amounts of hay and starch fed in the different periods are given. 


Received for publication May 23, 1958. 
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TABLE 1 
Daily rations fed (in pounds) 


Period 11 ae 7 IV 


Cows j 280 293 647 280 29; 647 


280 293 647 


Alfalfa hay 32 3: 25 30 30 - i : 21 28 28 21 
Starch 6 6 j 0 1-6 1-6 1-6 

The animals were stanchioned in digestion stalls equipped with a sloped 
endless belt mechanism which automatically separated feces from urine. Collec- 
tion periods were five or six days. Preliminary periods varied in accordance with 
objectives of another experiment; ten days in Periods I and II, five days in 
Period III, and zero days in Period IV. Animals were fed twice daily at 5 a.m. 
and 2 p.m., at which times both types of chromium oxides were administered by 
balling gun. The radioactive chromium oxide was given in Size No. 000 gelatin 
capsules, containing 300 mg. of a mixture of Cr.°!O3, CroOs, and wheat flour 
in the proportions 1: 9:70, respectively, for Period II, and 2: 18:60 for Periods 
III and IV. The unirradiated Cr.O3 was given in Size No. 10 capsules, which 
contained a 15-g. mixture of CreOz (53.82% ) and wheat flour. 

Fecal samples from the total collection were taken daily at 9 a.m. Subsamples 
of the total collection feces were used for both the Cre°!O3 and the CreOxg de- 
terminations. This procedure was adopted to reduce sampling errors to a mini- 
mum. Feces samples were dried at 80° C. to constant weight and then ground in 
a Wiley mill through 1-mm. mesh screen. 

Official methods of A.O.A.C. (1) were used for the chemical analysis of feeds 
and feces. Total collection and chromium oxide ratio technique digestibilities 
were determined by methods previously described (5). The digestibilities re- 
ported are for alfalfa hay. An average of Morrison’s (7) and Schneider’s (8) 
digestibility values for starch was used to correct for indigestible starch residues. 
Digestibility coefficients were calculated by allowing a two-day lag between feed 
and feces for the passage of food through the animals (6). 

In Period II, the daily fecal samples were pooled, and the radioactivity and 
chromium oxide content of the composite samples determined. In Periods III 
and IV, the daily fecal samples were analyzed for chromium oxide and radio- 
activity. Average values of the six-day periods were used for digestibility 
computations. 

RADIOACTIVE METHOD 

Chromium *! oxide, the radioactive isotope used, was selected for the follow- 
ing reasons: (a) It has been established that chromium oxide passes through 
the bovine intestinal tract without absorption (3); (b) the radiation of Cr*? is 
relatively simple, mostly electromagnetic or gamma emission (2); (¢) it has a 
short half-life of 27.8 days (2). 

Chromium oxide in the amount of 1.5 g. and in the form of a fine powder 
was sent to Oak Ridge National Laboratories for irradiation and partial conver- 
sion to Cre*4O3. When returned to Beltsville, the irradiated chromium oxide 
had a specific activity of 33 me. per gram. Chromium oxide (13.5 g.) was added 
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to the activated 1.5 g. as a carrier and thoroughly mixed in a blendor. The re- 
sulting mixture was divided into lots of 5 and 10 g. and diluted with 35 and 30 g. 
of wheat flour, respectively. The unequal proportion of the radioactive material 
in the two batches was carried out in order that the amount of radioactivity fed 
in Periods III and IV a month later would be approximately the same level of 
radioactivity as in Period II. 

In applying radioactive techniques to digestibility studies, it is not necessary to 
know the absolute amount of radioactivity fed. The relative activity of the dry 
matter intake and output is all that is required for the measurement of dry matter 
digestibility. This proportion can be determined by simply measuring the radioac- 
tivity of the feed and feces. In this study, radioactivity was determined by count- 
ing samples of infinite thickness, that is, samples of sufficient depth, so that radia- 
tion from the lowest layer is completely absorbed by the upper layers. Then, self- 
absorption correction is unnecessary, and the counting rate is proportional to 
the concentration of radioactivity in the sample. Under the conditions of this 
experiment, 4 g. of material were found to be a sample of infinite thickness. This 
amount of feed or feces under a pressure of 12,000 lb. in a Carver press produced 
a flat circular mat, 3.3 em. in diameter and 0.6 em. in depth, a size which closely 
approximated the area of the sample cup in the proportional counter. Since all 
samples were of the same size and depth, the counts recorded in the counter were 
proportional to the Cro*103 content of the samples. A proportional counter was 
used to measure radioactivity. 

Alfalfa hay standards were made by adding mixtures of diluted Cr2°!O;; 
for example, (1 Cro*103:9 CreO3:70 wheat flour), to dried and ground alfalfa 
at the rate of 4 mg. of diluted radiochromium mixture to 1 g. alfalfa hay. In 
determining digestibility by means of radioactivity, the following formula was 
used : 

D.M. digestibility = 
100 [1 — (¢/s/mg Cre*103 in ALS. X mg.Cro*!03 fed/g D.M. alfalfa intake) | 
¢/s/g/feees D.M. 





A.S. = alfalfa standard 
D.M. = dry matter 
c/s = counts per second 


RESULTS AND DISCUSSION 


The chemical analyses of the alfalfa hay and starch fed are reported in 
Table 2. Starch data are from Morrison (7). 


TABLE 2 
Average chemical composition of rations (% dry matter) 


Ration Ether Crude Nitrogen 
constituent Period Protein extract Ash fiber free ext. 


Alfalfa hay I 6 1.48 7.34 25. 
Alfalfa hay II d 1.34 7.41 26. 
Alfalfa hay IIT and IV F 1.46 7.24 27. 
Starch" Il and IV 6 0.20 0. 


“Starch data from Morrison’s Feeds and Feeding (7). 





1362 » * C. JACOBSON, AND P. M. DAMEWOOD, JR 


To discover the amount of the daily variation in radio-chromium oxide ex- 
cretion, the radioactivity of the daily fecal samples was measured in Periods III 
and IV, as well as in the preliminary period of Period III. Figure 1 delineates 
the daily variation of the radioactivity found in the feces of the individual 
cows and the daily average for the three animals. The daily excretion rate of the 
radioactive chromium oxide displayed irregularities similar to that shown by the 
daily CreO, excretion (Figure 2 


a). 


RADIOACTIVITY 


(Counts per Second) 


2.5 
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Fig. 1. Daily variation in radioactive chromium oxide excretion. 





As shown in Table 3, the average apparent digestibility coefficients of the 
components of alfalfa hay obtained by the three methods appear to be in agree- 


ment. The magnitude of the errors involved in each procedure, indicated by 


standard deviations, was found to be relatively the same. This includes varia- 
tions due to animals and the chromium oxide determinations. The expected in- 
crease in precision of the radioactive method did not materialize, probably due 
to the low efficiency of measuring radiation in samples of infinite thickness. 
Some information regarding the relative precision of the two methods of ana- 
lyzing for chromium was obtained by calculating their coefficients of variation. 
Data used were the chromium oxide and radioactivity of the daily fecal samples 
of the three cows in Periods III and IV. The chromium oxide analyses were repli- 
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CHROMIUM OXIDE 
(gm) 


25 
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Fig. 2. Daily variation in chromium oxide excretion. 


cated from two to five times, while the radioactive determinations were done in 
quadruplicate. Data were screened for removal of determinations that could 
be rejected according to the criteria of Pierce and Haenisch (8). The chemical 
coefficient of variation was 3.0% and the radioactive was 4.4%. These results 
indicate that no increase in analytical precision of chromium oxide determina- 
tion was attained by the use of radioactive chromium. However, results are not 
conclusive, since the comparative system used above favored the chemical method, 
which was not done in quadruplicate but repeated only enough times to get 
satisfactory checks. Also, the levels of radioactivity in samples were relatively 
low and it is likely that some increase in precision might be obtained by feeding 
higher levels of radioactivity. 

An analysis of variance (10) of the component digestibility coefficients in 
Periods III and IV showed no significant differences for methods or periods, 


and highly significant differences for components and cows. In this statistical 


analysis, cows were considered random, in order to predict what would most 
likely happen in future replications. Had cows been fixed, periods would have 
been highly significant. The precision for measuring period differences in this 
particular statistical design was low, due to the small number of degrees of 
freedom (2) in the periods-by-cows interaction, the proper error term for de- 


tecting significance for periods. 
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The following interactions were found to be highly significant: method-by- 
cows, periods-by-cows, components-by-cows, methods-by-periods-by-cows, and 
periods-by-components-by-cows. It appears that the cows reacted consistently 
neither to the digestibility methods used nor to the addition of starch. Nor were 
the components of alfalfa digested in a similar manner by the cows. 

An explanation for the significance of the above interactions could be due to 
the differential response of the cows to the addition of starch. The accuracy of 
digestibility determinations, especially by ratio technique, depends to some extent 
on the regular flow of food residues and digestibility indicators through the in- 
testinal tract. The addition of starch appeared to disturb the normal flow of 
nutrients, as evidenced by increased amounts of refused feed and wider daily 
variations in fecal dry matter output. 

Throughout the experiment, the cows remained in apparent good health except 
for Cow 280. This animal bloated on March 15, Period II, as well as on April 22, 
23, 24, 25, 26, 27, and 29, Period III. The bloat was a mild type, usually relieved 
by simple procedures such as walking the animal or standing it on a slope. Bloat 
apparently had no noticeable effect on dry matter digestibility or on any of the 
component digestibilities. 

The time required for a chemical determination of chromium oxide by the 
Edin method averaged 1 hr. The time required for a radioactive determination 
of irradiated chromium oxide was about 10 min. If samples are run in triplicate 
or quadruplicate, it is evident that the radioactive chromium oxide method pro- 
vides a saving of time, labor, and chemicals. 

On the other hand, the radivactive digestibility methods have disadvantages. 
First, there is the necessity for providing for the segregation and disposal of 
excreta containing radioactive isotopes in accordance with the Federal code (4), 
which specifies burial in soil at a minimum depth of 4 ft. Secondly, animals 
intentionally fed radioactive isotopes under present Food and Drug regulations 
can not be sold on the open market, or returned to normal life with the herd, but 
must be kept segregated. 

No evidence was found that the ingestion of 0.3 » of radiation per kilogram 
body weight had affected experimental animals in any way. 
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STRONTIUM AND CALCIUM UPTAKE AND EXCRETION 
IN LACTATING DAIRY COWS? 


R. G. CRAGLE anp B. J. DEMOTT 
UT-AEC Agricultural Research Laboratory, Oak Ridge, Tennessee, 
and 
Department of Dairying, University of Tennessee, Knoxville 


SUMMARY 


Sr* and Ca“ were given orally to lactating dairy cows. From a single dose, 0.55 + 0.05 
and 1.8 + 0.30% of the administered Sr* were found in milk and urine, respectively, 
during a nine-day period. Under the same conditions, 3.77 + 0.17 and 0.82 + 0.08% 
of the administered Ca* were found in milk and urine, respectively. The average observed 
ratios of Sr*/Ca* for four cows were: blood diet = 0.33; urine diet = 1.82; milk diet 


= 0.15; milk blood = 0.44, urine blood = 5.43. The excretion patterns for Sr” in milk, 
urine, and feces can be deseribed almost entirely by an exponential function of time. 


The problem of an increasing level of Sr®’ being incorporated into the human 
food chain has been quite well characterized (2, 3, 6, 8, 9). Two factors have 
emphasized the need for the investigation of strontium metabolism in dairy cows. 
First, strontium and calcium are chemically similar and react similarly in animal 
metabolism ; secondly, milk constitutes the source of approximately 80% of the 
calcium in the human diet (8) and, therefore, is potentially a high source of 
strontium, 

Although the metabolism of strontium in animals is similar to that of calcium, 
it has been found that in the passage from diet to milk, calcium is absorbed 
from the intestine and secreted into milk in larger amounts than if the two reacted 
chemically and metabolically the same (10). The observed ratio? of Sr/Ca from 
diet to milk for dairy cows has been reported to be 0.09 to 0.16 (4). More 
recently, Alexander and Nusbaum (1), using spectrographic methods, have de- 
termined the retention factor (observed ratio) for cows from diet to milk to be 
0.13 + 0.03. Using Sr®® and Ca* double-label experiments with goats, this ratio 
has been reported by Wasserman et al. (11) to be 0.09. 

Since reports of experiments in which a group of cows and in which Sr*® 
and Ca*® were both used seem to be lacking, this investigation was conducted to 
further clarify the Sr-Ca relationships in lactating dairy cows. 


EXPERIMENTAL PROCEDURE 


In the first of two experiments, four cows were each given orally 1.7 me. 
of Sr’® only; in the second, four cows were each given orally 2.0 me. of Sr** and 
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2.5 me. of Ca*®. All cows were maintained on an 18% protein pelleted concen- 
trate, with grass hay as the only roughage, and were kept in elevated digestion 
stalls (7) for a four-day preliminary and a nine-day experimental period. Daily 
total weights of urine and feces were taken separately and milk weights were 
taken twice daily. Samples were taken for analyses at the time of weighing. 
Blood samples were collected daily from the jugular vein. The amount of isotope 
in the blood was calculated on the basis of blood being 7.7% of the animal’s 


so 


weight. In the first experiment, where Sr*® only was used, milk, blood, and urine 
were directly counted as liquid samples. Feces were ashed at 600° C. for 5 hr. 
and the ash was brought into solution and then counted as liquid samples. In 
the second experiment, samples were dried, ashed at 600° C. for 5 hr., brought 
into solution, precipitated as Sr*® and Ca* oxalates, and differentially counted, 
using an aluminum absorber to distinguish between the beta energies. 


RESULTS 


r>® 


The average amounts of S and Ca* found in milk and urine during the 
nine-day period are presented in Table 1. Sr*® data from the two experiments 
were similar and are combined for presentation. 

During these experiments, the average milk production for the eight cows 
was 8.49 + 2.36 kg. (18.7 + 5.2 lb.), urine excretion was 8.21 + 2.41 kg., and 
feces excretion, 14.76 + 4.79 kg. per day. 

The en Sr*® excretion patterns in milk, urine, and feces are given in 
Figures 1, 2, and 3. The data from eight animals were averaged to obtain the 
Sr*® excretion curves. A model was selected for each curve and the equation 
was derived by a least-squares analysis. The derivative of each of these equations 
was taken and the rate curves plotted. These equations are valid between Days 1 
and 9 for feces and urine and between Days 3 and 9 for milk. 
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Where Y is the estimated cumulative excretion of Sr8® expressed as per cent 
administered dose and Y is days 
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TABLE 1 
Sr” and Ca® found in milk and urine during a nine-day period 
(expressed as per cent of administered dose) 
Sr” (average of Ca” (average of 


eight cows ) four cows ) 


Milk (total) 0.55 + 0.05 3.77 + U.17 
Milk (per liter) 0.066 + 0.005 0.39 + 0.02 
Urine (total) 1.80 + 0.30 0.82 + 0.08 
Urine (per liter) 0.26 + 0.05 0.11 + 0.02 


Total excretion of Sr®® for eight cows in milk, urine, and feces averaged 83% 
of the administered dose for the nine-day period. Sr*® excretion in the feces 
averaged 81 + 11% of the administered dose. 


The per cent of administered dose of Sr*® and Ca*® in blood for Cows 5-8 is 
presented in Figure 4. Sr*® content averaged 0.34 of the Ca* content, which is 
the observed ratio (blood-diet ). 

Observed ratios of Sr**/Ca*® are presented in Table 2. This is a method of 
expressing the change in the fraction of Sr**/Ca* from precursor to sample. 
(See Footnote 2. ) 

On a daily basis, only the observed ratios for feces indicated a definite change. 
The ratios were less than one during the first four days of the experiment and 
became greater than one during the remainder of the experiment. This difference 
was significant (P < .01) and was attributed to a higher endogenous caleium than 


strontium. The observed ratio (feces-diet) for the entire period was 1.0. All 
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Fig. 4. Per cent of administered dose of Sr” and Ca* in blood. 


TABLE 2 


Observed ratios of Sr”/Ca® for four cows 


Blood Diet Urine Diet Milk Diet Milk Blood Urine Blood 
0.31 ol 0.1 
0.36 JY 0.1 
0.3% dé 0.1 
0.38 1 0.1 


0.49 5.42 
0.40 5.36 
5 0.44 6.06 


: 0.42 4.88 


Average 0.34 1.82 0.15 0.44 5.43 





STRONTIUM AND CALCIUM IN COWS 1371 


observed ratios reported in Table 2 were determined from total Sr*® and Ca 
values over the entire period. 

As supporting information, the amounts of Sr and Ca in the grain and hay 
were determined, using a Beckman DU flame spectrophotometer, operating at 
460.7 and 626 mp for the two respective elements. The average of four determi- 


nations showed that the grain concentrate contained 23 p.p.m. Sr and 8,695 p.p.m. 


Ca and that the roughage contained 13 p.p.m. Sr and 4,896 p.p.m. Ca. In terms 
of Sr: 1,000 Ca, values of 2.65 and 2.66 were determined for grain and hay, re- 
spectively, which are in agreement with values reported by Alexander and Nus- 
baum (1). With an average daily grain and hay intake of 5.45 kg. (12 Ib.) and 
3.72 kg. (8.2 lb.), respectively, daily intakes of Sr and Ca were 0.18 and 65 g., 
respectively, for each cow. 

DISCUSSION 

These experiments show that the observed ratio (milk diet) is 0.15. The 
observed ratios of blood diet (0.34) and milk blood (0.44) are the stepwise con- 
tributions to the milk diet ratio. Multiplication of the two latter factors equals 
the direct milk diet determination. The observed ratio (urine diet) is 1.82. 
Multiplication of the blood diet ratio by the urine blood ratio (5.43) equals 1.84, 
which compares closely with the direct determination of the urine diet ratio. 

The observed ratio (milk diet) of 0.15 + 0.02 found in this investigation, 
using radioactive Sr and Ca, is slightly higher than the 0.18 + 0.03 found by 
Alexander and Nusbaum (1), using spectrographic methods. Although a lower 
ratio may occur when Sr and Ca are in their natural state in feeds, there is little 
evidence to support the occurrence of a different ratio when Sr*® and Ca* are 
orally administered as chlorides. 

The animals used in these investigations were physiologically adjusted 
throughout the experimental period. Although feces dry matter was not de- 
termined in these experiments, the results from subsequent experiments show it 
to be 23% under similar conditions. Milk production was 8.34 kg. per cow per 
day for the two days before placing the cows in the digestion stalls. This com- 
pares well with the 8.49 kg. average during the experiment. 
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PELLETED ALFALFA HAY FOR MILK PRODUCTION 


MAGNAR RONNING, J. H. MEYER, anp G,. T. CLARK 
Department of Animal Husbandry, University of California, Davis 


SUMMARY 


Rations containing pelleted or chopped alfalfa hay were compared when fed with 
and without concentrates to producing dairy cows. Cows on pelleted hay consumed 
wore dry matter and produced more milk than those receiving chopped hay when no 
concentrates were fed. Supplementation of chopped hay with about 12% concentrates 
increased dry matter intake and production to a level comparable to that of the pelleted 
hay rations. Increased dry matter intake and milk production when pelleted hay was 
supplemented at a similar rate were not significant. The butterfat percentage of the 
milk was unaffected by either of the pelleted hay rations. 

There is much interest for using pelleted hay in milk production rations. 
There is considerable concern, however, over the effect of the grinding of hay 
upon the butterfat percentage ofethe milk produced. Some limited but widely 
quoted work by Powell (7, 8, 9) suggested that the feeding of ground roughage 
depressed the butterfat percentage of the milk produced on such rations. Rations 
consisting of free-choice long hay and concentrates, fed according to production, 
were compared to rations in which ground hay and concentrates were mixed 
and ‘‘checkered.’’ Although the levels of intake of long hay were not reported, 
the levels of ground hay appear to have ranged from 22.3 down to 1.7 lb. Con- 
centrate intakes of the cows receiving ground hay ranged from 15.1 to 28.9 lb.; 
whereas, cows which were fed long hay received concentrates at much lower 
levels of intake, ranging from 7.6 to 13.2 lb. With the number of complicating 
variables involved, it is difficult from these data to incriminate the physical 
nature of the roughage per se as the cause of the depression of the butterfat per- 
centage of the milk. 

In the first of two trials conducted by Porter et al. (6), there was a slight 
decrease in the butterfat percentage of milk when ground and pelleted alfalfa 
hay was fed. Total butterfat was not affected and since milk production was 


increased, these results seem to be in line with the commonly accepted inverse 
relationship between the level of milk production and butterfat percentage. In 
the second trial, a real drop in butterfat percentage was observed but in this 


case, the consumption of roughage was much lower, apparently due to the hard- 
ness of the pellet used. 

More recently, Jones ef al. (3) reported a drop in butterfat percentage from 
4.13% on baled alfalfa hay to 4.00% on pelleted alfalfa hay, with the difference 
being significant statistically. There may be some doubt relative to the importance 
of this difference, however, since there was no apparent effect either upon the 
amount of actual milk or upon the 4% FCM produced. 

The present report presents the results of a study in which no effect upon 
the butterfat percentage of milk was observed when pelleted or chopped alfalfa 
hay was fed. 
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EXPERIMENTAL PROCEDURE 


Twelve cows with potential production of 400 lb. butterfat were selected and 
allotted to a multitreatment, switch-back design as developed by Lucas (4). Four 
treatments were used, such that pelleted and chopped hay could be compared 
with and without the feeding of concentrates. 

Baled alfalfa hay containing about 53% TDN, as estimated by the technique 
of Meyer and Lofgreen (5), was used in this study. The hay was prepared for 
pelleting by grinding in a hammermill through a 3/16-in. round-hole screen. 
The ground material was compressed without steam or water in a California, 
heavy-duty pellet mill with a %-in. round-hole die. The bulk density of the 
pellets prepared in this manner was approximately 42 lb. per cubic foot. Alter- 
nate bales of hay from the uniform supply were run through a field chopper which 
was set to cut the hay into approximately *%4-in. lengths. For those treat- 
ments involving concentrates, a mixture of the following composition was used: 
barley, 54% ; molasses beet pulp, 20% ; wheat mixed feed, 15% ; cottonseed meal, 
10%, and salt, 1%. 

Both forms of hay were fed individually in such weighed amounts as would 
insure fefusals. When concentrates were involved, they were fed according 
to the requirements of individual cows, based upon the hay consumption and level 
of production observed during the previous week. Occasionally, particularly 
toward the end of the trial, certain cows consumed sufficient hay to meet their 
energy requirements, and in those cases a minimum of 2.0 lb. concentrate was fed 
daily. 

Representative samples of all feeds, fed and refused, were taken for the de- 
termination of dry matter. Milk produced was weighed at each milking and 
sampled for daily determinations of butterfat by the Babcock procedure. Each 
cow was weighed three days in succession at the beginning and at the end of each 
experimental period. All observations were based on 28-day periods, preceded 
by seven-day preliminary periods in the double reversal scheme. 


RESULTS AND DISCUSSION 


The results of this study are summarized in Table 1. Significantly more 
4% FCM (P < 0.01) was produced on pelleted than on chopped alfalfa hay 
when neither form of hay was supplemented with concentrate. Supplementation 
of the chopped hay with concentrates at the rate of about 12% of the total dry 
matter intake resulted in a significant increase in production (P < 0.05). The 


TABLE 1 


Response of cows to pelleted and chopped alfalfa hay when fed with and without concentrates 


Pelleted hay Chopped hay 
Pelleted Chopped plus plus 
hay hay concentrate concentrate 


27.9 27.0 


Daily 4% FCM (lb.) 28.1 23.7 
Ave. B.F. (%) 4.01 4.09 3.93 3.97 
Daily D.M. intake (1b.) 33.3 26.4 35.4 31.1 
Concentrate (% of total D.M.) 12.1 12.2 
Live weight gain per period (/b.) 46.7 —3.3 35.0 11.5 





ALFALFA HAY FOR PRODUCTION 1375 


addition of a similar amount of concentrate to the pelleted hay ration had no 
significant effect upon production, so that there was no difference in the cows’ 
performance between pelleted and chopped hay when each was supplemented 
with concentrates. 

The levels of production in this trial seemed to depend on the levels of dry 
matter intake. Thus, when the two forms of hay were fed without concentrates, 
the pelleted hay resulted in a significantly higher (P < 0.05) dry matter intake 
than the chopped hay. When chopped hay was supplemented with concentrates, 
the dry matter intake was increased by an amount which was nearly significant 
at the 5% level (P =~ 0.07), such that the daily dry matter consumed was not 
different from that consumed from either of the rations containing pellets. 

The butterfat percentage of the milk produced was not affected by the feed- 
ing of pelleted hay in this study. It should be observed that the rate of roughage 
intake was not greatly depressed when the relatively low levels of concentrate 
were added to the all-hay rations. The ground roughage rations which Powell (7) 
implicated as being fat depressing involved relatively low intakes of hay. In work 
conducted at Connecticut (5), a depression of butterfat percentage was observed 
on a pelleted hay ration when hay consumption decreased about 30%. These 
observations suggest that any effect upon the butterfat percentage may not be 
due to the fine grind per se but in interaction with the level of hay intake and/or 
concentrate intake. Thus, the possibility exists that the depression of the level 
of intake of ground and pelleted hay, due to relatively high rates of concentrate 
feeding, may have an effect on the butterfat percentage. Certain field observa- 
tions, also, have suggested this possibility. 

Evidence has been offered (1, 2) which indicates that the type of concentrate 
fed in conjunction with ground and pelleted hay has an effect on the butterfat 
content of milk. The effect appears to be associated with changes in the propor- 
tions of rumen volatile fatty acids. Earlier, Tyznik and Allen (10) had shown 
that low roughage intakes caused similar rumen VFA changes with corresponding 
decreases in the butterfat percentage of milk. 

The loss of live weight observed when cows were fed solely on chopped hay 
was probably due largely to a loss in body fill associated with the lower dry 
matter intake. The average live weight changes of the cows receiving only pelleted 


and only chopped hay were significantly different. 

No real difficulty was experienced with respect to the cows’ acceptability 
of the pelleted hay. Ration changes were made abruptly and in only one case 
was it necessary to coax a cow to accept the pellets and then only during the first 


three days of offering. 
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RESPONSES OF YOUNG CALVES TO A DIET CONTAINING 
SALTS OF VOLATILE FATTY ACIDS? 2 


W. G. MARTIN,’ H. A. RAMSEY, G. MATRONE, ann G. H. WISE 
Animal Nutrition Section, Department of Animal Industry, 
North Carolina State College, Raleigh 


SUMMARY 


Nine calves, starting at five days of age, were fed the following diets 12 wk.: Diet I, 
casein, fat, glucose, starch, and chopped hay; Diet II, casein, fat, glucose, and salts 
of acetic, propionic, and butyric acids, and Diet ITF, whole milk. For these diets, the 
average daily gains during the terminal 9 wk. were 0.82, 0.99, and 1.38 lb., respectively. 
After feeding, blood glucose increased sharply for Diet III but decreased slightly for 
Diets I and II. Conversely, blood volatile fatty acids (VFA) increased markedly for 
Diets I and II, but did not change for III. Increases of blood ketone bodies after feeding 
were somewhat more pronounced for Diets I and II than for III. Only small differences 
among diets were noted for any of the blood constituents immediately before feeding. 
At 0-hour, glucose tended to decrease with increasing age, whereas VFA and ketone 
bodies exhibited no marked change. The quantities of urinary ketones and VFA were 
largest for calves fed Diet II, whereas the quantities of urinary glucose were greatest 
for calves receiving Diet III. In general, the total urinary exeretion of all these con- 
stituents tended to increase with advancing age. The responses indicate that calves 
at 3 wk. of age definitely are able to absorb VFA. 


The presence of volatile fatty acids (VFA), primarily acetic, propionic, and 
butyric (17), among microbial fermentation end-products in the rumen is one 
of the distinguishing characteristics of functional development of this organ. 
Advent of this fermentation in young ruminants subjected to the usual hus- 
bandry regimen apparently is a gradual and progressive process. The extent 
to which exposure of rumen epithelium to the fermentatio: environment is 
necessary to effect fatty acid absorption has not been elucidated adequately. 
Recent development of a purified type of fatty-acid diet (13) that ruminants 
will consume at an early age provided a means of further ascertaining whether 
or not the young calf can utilize volatile fatty acids from a rumen that has not 
undergone a normal anatomical and functional evolution. Thus, the purpose 
of this investigation was to gain, by means of this fatty acid diet, additional 
information on VFA production and utilization in young ruminants. 


EXPERIMENTAL PROCEDURES 


Dietary treatments were as shown in Table 1. Responses of calves fed the 
volatile-fatty-acid diet (II) described by Matrone et al. (13) were compared with 
responses to two control diets, a starch chopped-hay diet (1), and a whole-milk 
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TABLE 1 
Composition of experimental diets 


Amounts per 100 Ib. of diet 
Ingredients Diet I Diet II Diet III 


(lb.) 
Casein 30. 30.0 
Hydrogenated vegetable oil* d 4.0 
Glucose” 24. 24.1 
Corn stareh 
Chopped fescue hay 
Sodium acetate*® 9.0 
Potassium acetate 8.5 
Magnesium acetate 3.0 
Sodium propionate" 3.0 
Calcium propionate" 4.8 
Sodium butyrate‘ 3.6 
Mineral mixture 5.0° 5.0 J 
Vitamin mixture 5.0”! 5.0"! ; 
Whole milk? 100.0 


> 


“Vegetable shortening supplied through the courtesy of Buckeye Cotton Oil Co., Cinein- 
nati, Ohio. 

» Cerelose, Corn Products Sales Co., Norfolk, Va. 

* Contributed by the Farmers Cooperative Exchange, Raleigh, N. C. 

“Contributed by E. I. duPont de Nemours and Co., Wilmington, Del. 

*CaHPO,, 818 g.; KCl, 273 g.; NaCl, 239 g.: MgSO,, 204 g.; CuSO,-5H.O, 893 mg.; 
FeSO, - 2H.O, 7,648 mg.; MnSO, - H.O, 1,399 mg.; ZnO, 2,263 mg.; CoCOs, 9.2 mg., and glucose, 
722 g. 

‘Cu, Fe, Mn, Zn, and Co salts, same as in *; NH,Cl, 138 g.; HsPO. (85%), 226 g., and 
glucose, 1,892 g. 

*CuS0O,-5 HO, 120 mg.; FeSO,-7 H.O, 763 mg.; CoCOs, 1.2 mg.; MgS0O,-7 H.O, 18.54 g., 
and MnSO,-H:.O, 188 mg. 

"Thiamine HCl, 400 mg.; riboflavin, 850 mg.; nicotinie acid, 1.13 g.; Ca pantothenate, 
1.42 g.; pyridoxine HCl, 570 mg.; folie acid, 57 mg.; p-aminobenzoie acid, 1.13 g.; inositol, 
11.35 g.; biotin, 11 mg.; choline chloride, 113.45 g.; menadione, 115 mg.; 0.1% Bis in mannitol, 
4.66 g.; alpha-tocopherol acetate, 570 mg., and glucose, 2,132 g. Biotin contributed by Hoff- 
mann-LaRoche, Nutley, N. J., and other vitamins by Merck and Co., Rahway, N. J. 

‘Vitamins A and D were given to all calves via capsule at the daily rate of 10,000 and 
1,000 I.U., respectively. Contributed by R. P. Scherer Corp., Detroit, Michigan. 

1 Fresh whole milk testing between 3.3 and 3.7% fat. 


diet (IIL). Diet I was a purified type modified by including chopped hay, in order 
that its properties would correspond, at least in part, to a roughage diet. Diet II, 


supplying acetic, propionic, and butyric acids in the same proportions as they 
usually occur in a normally functioning rumen (16, 17), was similar to Diet I, 


except that salts of these acids were used in lieu of hay and starch. Diet III, whole 
milk, was included because it is the normal preruminant food of young calves. 
The experimental subjects were nine male Holstein calves, which remained 
with their respective dams from birth to two or three days of age. Shortly there- 
after, they were assigned to three replications on the basis of the time that they 
beeame available. Calves within replications were allotted to the diets at random. 
A 12-wk. experimental period was subdivided into four 3-wk. phases, the first 
of which was utilized for dietary adjustments. Calves of all groups received 
whole milk, via nipple pails, at the daily rate of 10 lb. per 100 lb. of body weight 
from the age of two or three days to 2 wk. During the following week, the amounts 
of milk given to animals of dietary Groups I and II were reduced gradually to 
effect a complete transition to the respective solids experimental diets, which were 
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introduced when the calves were five days of age. Calves of dietary Group III, 
restricted to whole milk, continued at the initial rate of intake throughout the 
remainder of the experimental period. Housing quarters were individual pens 
free of bedding. Water was accessible at all times, but feeds were offered only 
twice daily. 

Criteria of response to the dietary treatments included water and feed con- 
sumption, weight gains, general health, changes in concentrations of VFA, total 
reducing substances (hereafter referred to as glucose), and ketone bodies in the 
blood, and quantities of thees constituents excreted in the urine. At weekly inter- 
vals throughout the experiment, blood samples were drawn from the jugular vein 
immediately prior to feeding and thereafter at 3 and 6 hr. A longer series of 
blood samples was collected at 3 and 12 wk. of age, starting immediately before 
feeding and continuing at 1, 2, 4, 6, 8, 10, and 12 hr. postfeeding. Potassium 
oxalate was used as the anticoagulant. A 24-hr. collection of urine was obtained 
at weekly intervals by transferring the calves to metabolism crates. Toluene 
was used as a preservative for the urine. 

Samples of blood and of urine were analyzed for VFA by the steam-distilla- 
tion method of MeClendon (11), for glucose by the method of Nelson (15), and 
for ketone bodies by the method of Greenberg and Lester (6). Values for VFA 
and ketone bodies were expressed as acetic acid and acetone, respectively. Gross 
energy of the dry diets, I and II, was determined by means of a Parr bomb 
calorimeter and that of the milk diet, III, was caleulated from its average con- 
tent of fat and its estimated content of protein and lactose. 


RESULTS 


Intake and gains. As indicated in Table 2, calves receiving Diet II, containing 
salts of VFA, consumed almost twice as much water as did calves eating the other 
dry diet, I. Intake of supplemental water by calves given Diet III was exceed- 


ingly low. 

Gross energy intake, weight gains, and computed efficiency of gross energy 
utilization (Table 2) were similar for dietary groups I and II. The gross energy 
intake of calves fed Diet III was similar to these of the other two groups, yet 


TABLE 2 


Average daily water and feed consumption and weight gains of the experimental calves* 


Consumption 


Gross Weight Efficiency of 
Water” Feed energy" gain gross energy 


(lb. gain/1,000 
(lb.) (lb.) (keal.) (lb.) keal.) 
I 10.2 2.37 4,300 0.82 0.19 
IT 33:3 2.50 4,450 0.99 (0.22 
III 0.7 1.79 4,235 1.38 0.33 


“Data in this table are from the last 9 wk. of the study only. 

» Water consumption was recorded for Replicate 3 only. 

*Consumption of Diets I and II is recorded on an air-dry basis and that of Diet IIT on 
an estimated dry weight basis, employing 12.2 as the per cent solids of whole milk. 

4 Kilocalories per pound of diet are as follows: I, 1,813; II, 1,783, and III, 2,615. 
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the Diet III calves gained more weight (P < 0.10) and thus showed a higher 
efficiency of gross energy utilization (P < 0.05). 

General health. All calves remained free of clinical abnormalities. Incidences 
of diarrhea were low throughout. The relative rating of thriftiness, as judged by 
general appearance, at the end of the experiment, though not markedly different 
among the dietary groups, was in the following descending order: III, II, and I. 
Calves in this last group, in contrast with others, frequently bloated slightly after 
feeding and occasionally ruminated. All calves after 4 wk. of age manifested 
some degree of pica. 

Effect of age and of diet on changes in blood constituents, 6 hr. postfeeding. 
Data on levels of VFA, glucose, and ketone bodies in samples of blood from 
calves fed the different diets are presented by successive 3-wk. periods (Figure 1). 
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Fig. 1. Effect of age, by 3-wk. periods, and dietary regime on changes in concentrations 
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of volatile fatty acids (as acetic), glucose, and ketone bodies (as acetone) of blood collected 
from calves at different stages in relation to time of feeding. 




















RESPONSES OF CALVES TO SALTS OF FATTY ACIDS 


1381 


Comparative effects of diets on the blood constituents at different ages of the 


calves are indicated at the prefeeding stage, when absorption during the interim 


between feedings presumably was at a minimum, and at two post-feeding periods. 


a. 


b. 


c. 


VFA. As shown in Part A of Figure 1, prefeeding concentrations of blood 
VFA were similar, irrespective of diet and age of animal. After feeding, 
however, marked increases were noted for Diets I and II, the latter effect- 
ing the greater response. The magnitude of these increases tended to be- 
come greater with advancing age of the calves. Following the first 3-wk. 
period, the increases from both Diets I and II showed highly significant 
deviations from a linear trend (P < 0.01), which suggests that the ab- 
sorption peaks probably were reached either before or shortly after the 6-hr. 
sampling. The postfeeding concentrations of VFA in the blood of calves 
fed Diet III were similar to the prefeeding values, which were low through- 
out the experiment. 


Glucose. Within each of the 3-wk. periods, prefeeding concentrations of 
glucose were about the same for all dietary groups (Part B, Figure 1). 
From the first period through the second, however, the values for the pre- 
feeding samples decreased, after which the concentrations tended to 
plateau. Such values declined from approximately 90 mg. per 100 ml. of 
blood during the Ist week to about 65 mg. by the end of the 6th wk. Dis- 
tinet postfeeding increases in blood glucose were noted only when milk was 
in the diet, the highest level being at the 3rd hr., followed by a precipi- 
tous decrease by the 6th hr. The peak values from Diet III tended to in- 
crease in succeeding periods after the 4-6 wk. period. The postfeeding 
blood-glucose patterns from Diets I and II tended to be antithetical to the 
pattern from Diet III. 


Ketone bodies. Presentation of data on ketone bodies in blood (Part C, 
Figure 1) is restricted to Replication 3, inasmuch as procedural difficulties 
in the analysis of some samples from earlier replications were encountered. 
Though there were marked fluctuations in ketone concentrations from week 
to week, the levels in both pre- and postfeeding samples were higher for 
calves fed Diets I and II, respectively, than for the calt fed Diet III. 
Furthermore, the levels from the Diet I calf tended to be slightly higher 
than those from the Diet II calf. Postfeeding concentrations of ketone 
bodies were greater than the prefeeding levels, the increases from Diets I 
and II, for the most part, being more pronounced than from Diet III. The 
pattern of postfeeding increases in successive periods is not distinct, but 
there was a tendency for the magnitude to increase after the second period. 


Effect of diet on changes in blood constituents, 12 hr. postfeeding. Although 


12-hr. studies were conducted at both 3 and 12 wk. of age, only the data from the 
latter are presented (Figure 2), inasmuch as the 3-wk observations included only 
one replication of calves. The patterns at these two different ages, however, were 


similar. 





1382 





W. G. MARTIN ET AL 





4 
eee ee ee ee 
t goo Ar Volatile fatty 


/ 7 acids 








120 


100 


80 





60 





Milligrams per lOO milliliters of blood 
I? 
x 
4 
o 
P= ] 
@ 
s 
°o 
a. 
2 
no 














6) 2 a 6 8 lo «612 
Hours after feeding 


Diet I-—-—; Diet I—-——— , Diet 1 ——. 


Fig. 2. Effect of dietary regime on changes in concentrations of volatile fatty acids (as 


acetic), glucose, and ketone bodies (as acetone) of blood collected from calves at 12 wk. of 


age for 12 hr. postfeeding. 


a. 


VFA. The initial trends in the 12-hr. patterns (Part A, Figure 2) were 
similar to those of the 6-hr. patterns at 10-12 wk. of age (Part A, Figure 1). 
After ingestion, pronounced increases of VFA were evident in calves re- 
ceiving Diets I and II]. A peak was reached near the 4th hr., after which 
there was a gradual decline. The terminal values were about the same as 
the initial. Of these two dietary groups, the rate of increase and the peak 
concentration were greater for Diet II than for Diet I. In contrast, the 
postingestion levels of VFA for calves fed Diet III were essentially the 
same as the preingestion values; the only distinct deviation was a slight 


rise noted at the 8th hr. 
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b. Glucose. As shown in Part B of Figure 2, the postingestion trends in 
blood glucose of calves fed Diets I and II were slightly downward during 
the first 4 hr., followed by a gradual increase to the 10th hr. In contrast 
to this pattern, the changes for calves fed Diet III were abruptly upward, 
followed by a precipitous drop to a level slightly below the initiai. After 
the 6th hr., the trend was the same as for the two other groups. 


¢. Ketone bodies. Presentation of data on changes in ketone bodies for 12 hr. 
postfeeding (Part C, Figure 2) is restricted to Replications 2 and 3, for 
reasons given previously. The initial postprandial trends for different 
dietary groups were similar to corresponding trends shown for the termir al 
3-wk. period (Part C, Figure 1). The most distinct pattern among the 
three groups was that for Diet II. The ketone bodies in the blood of this 
group increased progressively during the first 6 hr., but decreased there- 
after. The highest concentrations for dietary Group I were found at the 
4th hr. and for Group III at the 8th hr., but these peaks were only small 
deviations from general trends that tended to remain level throughout the 
12 hr. In view of the marked variability in values, no specific pattern 
was evidenced. 


Changes in amounts of various constituents excreted in urine. A summary of 
observations on the elimination of VFA, glucose, and ketone bodies in the urine 
is presented in Table 3. 

TABLE 3 
Mean changes, by age periods, in the urinary excretion of volatile fatty acids, 
glucose and ketone bodies by calves fed different experimental diets 


Di Mean excretion/calf/24 hr. in successive age periods 
net — - _—____—— 
Urinary constituents No. 1—3 wk. 4—6 wk. 7-9 wk. 10-12 wk. 
—_—_ - —____—_-(g.) ——_______—_ 
Volatile fatty acids I 0.22 0.42 0.52 0.95 
I] 0.46 1.15 2.19 4.00 
II] 0.2] 0.26 0.46 0.58 
Glucose I 1.64 0.73 1.47 1.88 
I] 1.62 1.19 2.43 5.55 
II! 2.08 1.75 8.60 8.93 
Ketone bodies* I 0.35 0.65 0.81 0.87 
II 0.41 1.49 1.54 2.26 


It! 0.30 0.40 0.46 0.54 





“ Data from only one replication. 


The average daily excretion of VFA in urine increased significantly 
(P < 0.01) as the calves advanced in age. The total amount eliminated, as well as 
the ratio of increase in excretion, was greatest for the Diet Il group. The quanti- 
ties of VFA in the urine of calves fed Diets I and III were similar. 

The 24-hr. excretions of glucose in the urine were similar for all dietary 
groups through 6 wk. of age. Thereafter, there were increases in amounts elimi- 
nated by calves in dietary groups II and III, but no marked change for Group I. 
However, the differences in excretion by dietary groups during the two terminal 
periods were not statistically significant. 
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Excretion of ketone bodies also tended to increase with advancing age of 
the calves and was greater for Diet II than for either Diet I or III, the values 


for these two groups being similar. 


DISCUSSION 


The response of calves to the experimental diets deseribed herein indicates 
that VFA, either produced in the rumen or ingested in the diet, are absorbed 
and subsequently metabolized by ruminants as young as 3 to 6 wk. of age. This 
apparent capacity of the young calf to utilize VFA is in accord with results from 
studies of rumen metabolism (4, 10) and findings from applied feeding trials 
(14, 18). 

Normaley of growth of calves receiving the diet containing 10% hay (Diet 1), 
in contrast with poor growth of lambs fed a similar diet without hay (13), indi- 
cates that roughage, in accordance with the observations of others (3), plays a 
beneficial role in overcoming the inadequacies of ‘‘ purified diets’’ for ruminants. 
The effectiveness of supplementary bicarbonates of sodium and potassium in 
correcting the deficiencies of the roughage-free starch-glucose diet led to the 
hypothesis that roughage ingestion increases the buffering capacity of the rumen 
(12). This concept is supported by other results (22), showing that as the 
amount of hay in the diet of cows was increased, a concomitant rise occurred in 
pH and in sodium concentration of the rumen contents. 

Further interpretation of the metabolism of the experimental diets is based 
on the assumptions (a) that as the ingesta traversed the alimentary tract, the 
initial repository of the solid materials (Diets I and II) was the reticulo-rumen 
sac (21), whereas that of the fluid (Diet III) was the abomasum, and (b) that 
concentrations of VFA in the rumen were reflected in changes in the composi- 
tion of peripheral blood (16). Though postprandial increases of VFA indicate 
that the calf as young as 3 wk. of age is able to absorb these acids from the rumen, 
this capacity probably exists at younger stages. However, efficiency of absorption 
may increase as the morphology of the rumen epithelium changes (2, 23). Since 
soluble carbohydrates entering the reticulo-rumen cavity are converted to VFA 
(16), the glycemic increases in milk-fed calves probably reflected primarily ab- 
sorption from the small intestine. Though Barhydt and Dye (1) postulated that 
monosaccharide absorption from the small intestine of ruminants decreases with 
age, this change was not manifested in the magnitude of the alimentary hyper- 
glycemia of calves as they became older. 

As the calves fed the solid diets advanced in age, increases in postprandial 
peak concentrations of blood VFA correspond to observations on calves sub- 
jected to a practical type of dietary regime (10). This trend may be attributed 
io enhancement of efficiency of absorption accompanying rumen maturation, 
but evidently, increased consumption and augmented production of VFA (4, 10) 
also played a significant role. The insignificant changes of VFA in the blood of 
calves restricted to the milk diet indicated relatively little rumen activity. 

Since ketone bodies are derived chiefly from the metabolism of fatty acids, 
absorption of VFA presumably would be related to concentrations of ketone 
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bodies in the blood and their excretion in the urine. Within the respective dietary 
groups, the postprandial blood ketone changes beyond the first 3-wk. period 
tended to follow a pattern similar to that of VFA, but the relationships are not 
well-defined. The blood ketone levels in the calves receiving the solids diets prob- 
ably represented a balance between the antiketogenic effects of propionic acid 
and the ketogenic effects of acetic and butyric acids (5). Among the diets, the 
order of urinary excretion of ketone bodies did not correspond to the general 
relative levels of these metabolites in the blood. Since the renal threshold for 
ketone bodies is low (9), their elimination in urine might have reflected the maxi- 
mum concentrations in blood, as shown in the 12-hr. studies, to a greater dezree 
than the total production. 

Neither age of the calves nor their dietary regimes significantly affected 
‘*postabsorptive’’ levels of blood VFA. During the period of approximately 
6 wk. after birth, glucose levels declined, in harmony with findings of others 
7, 8, 9, 10, 19, 20), from levels characteristic of simple-stomach species to those 
typical of mature ruminants. Since this downward trend is negatively correlated 
with changes in alimentary production of VFA in young ruminants subjected to 


a milk-concentrate-roughage regimen, an a priori relationship has been sugeesved 
(9). This postulation is not supported by the observations («) that postabsorp- 
tive changes of concentrations of glucose and of VFA in blood of calves within 
the various dietary groups are independent and (b) that glycemic levels in mil- 
ted calves declined, even though rumen fermentation was minor. This evidence, 
in addition to that summarized by McCarthy and Kesler (10) and by Ratcliff 
+t al. (19), indicates that declines in the blood glucose of calves following birth 
are not directly related to the functional development of the reticulo-rumen 
segment of the stomach. Whenever rumen fermentation is prominently involved, 
however, the blood glucose patterns presumably are determined, in a measure, 
by the glucose-depressing tendency of butyric acid and the elevating effect of 
propionic acid (5). 

Higher glycemic levels and lower glucose excretion during the first 6-wk. ex- 
perimental stage than during the second suggest that the younger calf may have 
a higher renal threshold than the older and may be more dependent upon and 
efficient in the metabolism of glucose. This observation and the aforementioned 
VF A-glucose relationships in blood during the early stages of the young calf 
are indicative of basic metabolic changes. The transitional trends are presump- 
tive evidence supporting the hypothesis that the importance of glucose metabolism 
becomes quantitatively less as the fatty-acid metabolism becomes greater. 
Although glucose is an indispensable metabolite throughout the life of the rumi- 
nant and fatty acids are an important source of energy after the early stages 
of development, the relative roles of these nutrients at different stages in the 
physiological development of ruminants have not been clarified adequately. 
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EFFECT OF SYNTHALIN A ON RENAL FUNCTION IN 
DAIRY BULL CALVES AS MEASURED BY 
PHENOLSULFONPHTHALEIN CLEARANCE! 


R. R. ANDERSON ? anv J. P. MIXNER 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


Synthalin A (decamethylenediguanidine) is a toxic, hypoglycemic agent which has 
been reported to cause histological changes in the liver, kidneys, and alpha cells of the 
Islets of Langerhans, and also to depress hepatie function in dairy bull calves. Five 
Holstein bull calves (eight days of age) were treated with a single intramuscular in- 
jection of synthalin A at the rate of 2.2 mg. per kilogram of body weight. Renal fune- 
tion as measured by both phenolsulfonphthalein fractional and volume clearances was 
depressed to approximately 35% of normal within 16 hr., and had returned to near- 
normal values within seven days. Correspondingly, plasma glucose levels decreased from 
a mean preinjection level of 85.6 mg. % to 32.8 mg. % at 16 hr. after injection, and 
returned to normal levels again within 66 hr. after injection. These effects were signi- 
ficant statistically (P < 0.01). 





Synthalin A (decamethylenediguanidine) was synthesized in 1926 by German 
investigators (7) who were attempting to produce an orally active substitute for 
insulin. The material was effective in controlling the hyperglycemia of diabetics, 
but its use was discontinued because of its severe toxicity. 

Several workers (4, 5, 6) have shown that synthalin A caused degenerative 
changes in the alpha cells of the Islets of Langerhans, the presumed source of a 
hyperglycemic-glycogenolytie factor, glucagon. 

Richards and Weaver (13) and Mixner et al. (12) have shown that synthalin 
A is a hypoglycemic agent in dairy cattle. Mixner et al. (12), in addition, re- 
ported a decrease in liver function as measured by sulphobromophthalein (BSP) 
fractional clearance. 

Blatherwick et al. (3) reported that synthalin A in rabbits caused extensive 
damage to the cells of the convoluted tubules but not to the glomeruli of the renal 
nephrons. Davis (4), also working with synthalin A in rabbits, found a severe 
necrosis of the proximal convoluted tubules of the renal nephrons, along with 
evidence of liver damage. 

The purpose of this investigation was to determine if synthalin A has a detri- 
mental effect on renal function in dairy bull calves as measured by phenolsul- 
fonphthalein clearance (11) and, if so, to implicate the damaged kidney as another 
causative factor in the hypoglycemic action of synthalin A. A brief report has 
been made on this study (1). 
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METHODS AND PROCEDURES 


Five Holstein bull calves were used in this experiment, each animal serving 
as its own control. Renal function was determined in these animals, using phenol- 
sulfonphthalein (PSP) clearance measures (2, 11). 

A single intramuscular injection of synthalin A was given each animal at the 
rate of 2.2 mg. per kilogram of body weight at 5 p.m. on the eighth postnatal day. 
The PSP clearance tests were performed on each animal on the seventh, eighth, 
ninth, and 16th postnatal days between 9 and 10 a.m. Thus, the determinations 
performed on the seventh and eighth days served as controls, the determination 
on the ninth day (16 to 17 hr. after synthalin A injection) showed the effects 
of the synthalin A, and the determination on the 16th day was to show the nature 
of the recovery. 

Blood plasma glucose levels were determined by the glucose oxidase enzyme 
method (16) on samples collected at 9 a.m. on the seventh, eighth, ninth, tenth, 
llth, and 16th days of age. 

RESULTS AND DISCUSSION 

Mean PSP clearance measures and plasma glucose levels for the five animals 
are presented in Table 1. An analysis of variance indicated that the PSP frac- 
tional ciearances and the PSP volume clearances on Day 9 (16 hr. after syn- 
thalin A) were significantly lower than the corresponding control values on Days 
7 and 8 (P < 0.01). The PSP volumes of distribution (per cent of body weight ) 
were not significantly affected by the treatment. PSP fractional clearances and 
PSP volume clearances (milliliter of plasma per minute per kilogram of body 
weight) were reduced to 37.4 and 32.2% of normal, respectively (comparison of 
ninth-day values to mean of seventh- and eighth-day values). Renal function was 
approaching normal by the 16th day (seven days after treatment). 

Plasma glucose levels fell from a mean of 85.6 mg.% on Days 7 and 8 (prior 
to synthalin A) to 32.8 mg. % 16 hr. after the administration of synthalin A, 


TABLE 1 


Effect of a single intramuscular injection of synthalin A (2.2 mg. per kilogram) upon plasma 
glucose and PSP clearance measures of renal function (mean of five bull calves) 


Age in days 


Characteristic i 3 9 10 11 16 
16 hr. 
after 
syn- 
Physical condition Normal Normal  thalinA Recovery phase 
Body weight (kg.) 44.8 45.1 45.2 45.5 
Plasma glucose (mg. “% ) 87.2 83.9 32.8 54.3 100.4 84.6 
PSP fractional clearance (per min.) 0.0257 0.0288 0.0102 0.0220 
PSP volume of distribution 
Total (ml.) 9,600 9,700 9,300 10,300 
Per cent of body weight 23.1 22.0 20.2 23.2 


PSP volume clearance 
ml/min 
ml/min/kg body weight 


268 82 226 
6.09 1.83 5.07 
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a significant decline (P < 0.01). Plasma glucose levels returned to normal or 
above within 66 hr. after svnthalin A treatment. 

All calves showed some outward signs of toxicity to the synthalin A. This 
was characterized by general lethargy, lassitude, and apathy. However, the 
animals did continue to eat and move about in their pens. Recovery by outward 
appearances was rapid, paralleling the return of blood glucose levels to normal. 

Phenolsulfonphthalein (PSP or phenol red) was shown by Marshall and 
Vickers (10) and others (8, 9, 14) to be eliminated from the kidneys primarily by 
proximal tubule secretion. Since synthalin A causes damage to the proximal 
tubules (4), it is not surprising that the PSP clearance measures were effec- 
tive in showing depressed functional activity of these tubules. Similarly, the 
hypoglycemia caused by synthalin A also may be related to the proximal tubule 
damage, since the site of glucose reabsorption after glomerular filtration is ac- 
knowledged to be the proximal convoluted tubules (15). These data tend to 
validate the measures of renal function as previously described (2, 11). 
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TECHNICAL NOTES 


DIRECT ANALYSIS OF LACTOSE IN MILK AND SERUM! 


Barnett and Tawab (1) showed that the 
colorimetric phenol-sulfurie acid method of Du- 
bois et al. (2) could be used for the direct de- 
termination of lactose in milk and cheese. The 
authors stated that the amount of phenol added 
was not critical, provided that the same quantity 
was used throughout. However, variations which 
occurred in our replicate analyses of standard 
lactose solutions were traced to minute differ- 
ences in the amount of phenol reagent added. 
No information appeared to be available con- 
cerning the effect of sulfurie acid concentration 
on color development. The effect of both 
reagents on the determination of lactose was, 
therefore, studied. 

Intensity of the color obtained with various 


furie acid comprised from 70 to 75% of the 
total arithmetic volume, a proportion similar to 
that recommended by previous authors (1, 2). 

On the basis of these investigations, we reeom- 
mend the following procedure, which introduces 
11 mg. of phenol and 0.74 ml. of sulfurie acid 
per milliliter of total arithmetic volume. 


PROCEDURE 


Pipette 2.0 ml. of test solution (10-75 pg. of 
lactose), or standard lactose monohydrate solu- 
tion, or water (for the blank) into a colorimeter 
tube, followed by 0.10 ml. of 89% w/v phenol 
reagent (20 ml. water + 80g. phenol, dissolved 
at 50° C.; the reagent is stable for at least 























concentrations of phenol (Figure 1-A) was 4 mo. at room temperature). Add 6.0 ml. of 
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Effect of concentration of reagents on color intensity. 


Fig. 1. 





Tot. Arith. Vol., mi. 


(Total arithmetic volume, 


8.1 ml.; readings made at 470 muz on an Evelyn colorimeter. ) 


(A) Effect of phenol (0.74 ml. of sulfurie acid/ml). 
(B) Effect of sulfuric acid (11 mg. of phenol/ml). 


maximum between 5 to 12 mg/ml of total arith- 
metic volume. In comparison, the concentrations 
used by Barnett and Tawab (1) and Dubois 
et al. (2) were approximately 18.5 and 15.5 
mg/ml, respectively; these levels are outside the 
optimum range and can cause variation in color 
intensity if not made very accurately. The con- 
centration of sulfurie acid also influenced the 
intensity of the color (Figure 1-B). Maximum 
intensity was obtained when the volume of sul- 


‘Manuscript issued as N.R.C. No. 5285. 


coneentrated sulfuric acid slowly, letting the 
acid run down the side of the tube. Then, 
swirl to obtain good mixing, let stand for 10 
min. at room temperature, and read at 490 ms# 
(the 470-mz filter on an Evelyn colorimeter is 
equally satisfactory). Color is stable for at 
least 1 hr. 

J. R. MARIER 

M. Bou.er 

Division of Applied Biology, 

National Research Council, 

Ottawa, Canada 
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EFFECTS OF PENICILLIN ON THE MORPHOLOGY OF 


STREPTOCOCCUS LACTIS, STREPTOCOCCUS 
THERMOPHILUS, and LEUCONOSTOC 
DEXTRANICUM } 





Numerous reports have appeared in the liter- 
ature on the effeet of penicillin upon the growth 
and acid production of lactic acid bacteria. In- 
hibition of growth or of acid production by 
penicillin in laetie cultures is the basis for tests 
that have been developed to detect penicillin 
and other antibiotics in the milk supply. Re- 
views by Overby (7), by Stoltz and Hankinson 
(9), and by Berriidge (3) cover the subject 
thoroughly. 

Werber-Alture et al. (10) and Pulvertaft 
(8) reported that penicillin, in low concentra- 
tions, caused morphological changes in Escher- 
ichia coli cultures. Chain et al. (4) observed 
this same reaction using Staphylococcus cultures. 
Gardner (5) observed morphological changes 
caused by penicillin in a variety of cultures. 
Baughman and Nelson (2) reported similar re- 
sults with some lactic cultures after this study 
was in progress. 

This investigation was made to determine the 
effect of penicillin on the morphology of cer- 
tain lactie acid bacteria. 


EXPERIMENTAL PROCEDURE 


Cultures of Streptococcus lactis, Streptococ- 
cus thermophilus, and Leuconostoc dextrani- 
cum, obtained from the Department of Bac- 
teriology, University of Wisconsin, Madison, 
were used in the study. The cultures were 
grown in 10% sterile reconstituted nonfat dry 
milk and transferred in the usuel manner. S. 
lactis and S. thermophilus were used for inocu- 
lum after incubation at 37° C. for 8-10 hr.; 
L.. dextranicum after incubation for 16 hr. at 
25° C. 

Penicillin (GQ Potassium)* was prepared in 
sterile buffered aqueous solution, dispensed in 
l-ml. portions (1,000 units) in sterile test tubes 
and immediately placed in storage at — 15° C., 
until needed ‘for the tests. 

When removed from storage, the 1-ml. por- 
tions of penicillin were thawed at room tem- 
perature and diluted 1: 1,000 in sterile buffered 


* Florida Agricultural Experiment Station Jour- 
nal Series No. 875. 
*Chas. Pfizer and Company, New York. 





distilled water just prior to use. The 1: 100 
and 1:1,000 dilutions were dispensed into 
sterile test tubes to give final concentrations in 
a 10-ml. volume of 0.025, 0.05, 0.10, 0.20, and 
0.50 units/ml. A control containing no penicillin 
was prepared in each series of tests. Sufficient 
sterilized antibiotic-free skimmilk (10% recon- 
stituted NDM) was added to bring the volume 
of the mixture up to 9.5 ml. in each tube. Next, 
0.5 ml. of the test culture was added per tube, 
bringing the total volume in each tube to 10 ml. 
Mixing of the contents was accomplished by 
inverting the tubes three times. Methylene blue 
stains (1) were made on each test after 30, 45, 
60, and 120 min. ineubation at 32 and 37° C. 
for S. lactis and S. thermophilus; for L. dex- 
tranicum, stains were made after 4, 8, and 16 
hr. ineubation at 25°C. These stains were 
examined with a microscope, using oil immer- 
sion, and compared to the control to observe 
changes in morphology. 

Two cows of the Agricultural Experiment 
Station herd were given, in each quarter, in- 
fusions of an antibiotic mixture containing 
100,000 units of penicillin G, 250 mg. dihydro- 
streptomyein, 250 mg. sulfisoxazole, 750 mg. 
sulfathiazole, and 5 mg. cobalt sulfate suspended 
in 3% aluminum monostearate.’ Samples were 
collected from each cow in sterile containers for 
six consecutive milkings spaced at 12-hr. 
intervals. 

These samples were tested for effects on the 
morphology of a S. thermophilus test culture. 
For each sample, tests were performed with the 
milk as obtained and after dilutions with anti- 
biotie-free raw milk of 1:10, 1: 100, 1: 1,000, 
and 1:10,000. This procedure gave an indica- 
tion of the concentration of antibiotics in milk 
from the various milkings. In the test, 9.5 ml. 
of a sample (as drawn or as diluted) were 
placed in a sterile test tube to which 0.5 ml. of 
culture was added, tubes were inverted to mix 
contents, and were placed in a 37° C. bath for 
1 hr. Methylene blue stains were prepared for 
examination and compared with those of a con- 
trol test with antibiotic-free milk. 


* Fort Dodge Laboratories, Fort Dodge, Iowa. 























RESULTS AND DISCUSSION 

The effects of penicillin on the morphology of 
three lactic cultures are shown in Figure 1. 
The main changes in morphology reeognizable 
when using a methylene blue stain are swelled 
and elongated cells. A similar observation was 
made by Gardner (5) on other coeci. Ap- 
parently, the penicillin in some way inhibits a 
step in cell division, but the cell continues to 
grow in size, resulting in the swelled appear- 
ance. This is supported by the findings of 
Chain et al. (4), that penicillin allowed one 
division to take place if the cells were growing 
rapidly. Cultures used for inoculum in this 
study were in a rapid growth phase, to take 
advantage of this factor. 

Pulvertaft (8) reported that aureomycin, 
streptomycin, and chloromycetin caused changes 
in morphology similar to those caused by peni- 
cillin, but more time was required for these 
changes to occur. As penicillin was the fastest- 
acting antibiotic, and the one most prevalent in 
the milk supply, it was chosen for a more com- 
plete study. 

George and Pandalai (6) reported that when 
using a Gram stain, some reversal in staining 
characteristics of bacteria was caused by sub- 
lethal concentrations of penicillin. However, as 
enlargement of cells was the first evidence of 
change, and because the methylene blue stain 
was simpler to prepare and showed the swelled 
and enlarged conditions, it was chosen for this 
work. 

The photomicrographs in Figure 1 are typi- 
cal examples of changes in morphology of the 
three cultures in the presence of various con- 
centrations of penicillin. As the concentration 
of penicillin was increased, the swelling and 
elongation were more pronounced in all cul- 
tures used. Further, it appeared that indi- 
vidual cells which had undergone swelling and 
elongation stained darker than cells not affected 
by the penicillin. 

The results obtained on testing the effects of 
milk from antibiotic-treated cows on the test 
culture appear in Figure 1. Pictures 5 and 6 
in Figure 1 represent the typical results ob- 
tained with the test culture grown in milk pro- 
duced by a cow that had been treated with an 
antibiotic mixture by the infusion method. 
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SUMMARY 
The effects of penicillin on the morphology of 
Streptococcus lactis, Streptococcus thermoph- 
ilus, and Leuconostoc dextranicum were mainly 
a swelling and an elongation of individual 
cells. Using a methylene blue stain, these 
changes could be detected with S. thermophilus 
after exposure to concentrations of 0.025 to 
0.5 p/ml of penicillin for 30 min. at 37° C. 
Results revealed that L. dextrunicum was more 
resistant to penicillin than was either S. lactis 
or S. thermophilus. Milk from cows treated 
with a mixture of penicillin and other anti- 
bioties by udder infusion caused morphological 
changes in the test culture. 
B. J. LisKA 
Florida Agricultural Experiment Station, 
Gainesville 
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Methylene blue stains showing morphological changes in various lactic cultures caused by 


thermophilus control; 2. S. thermophilus 0.02 u/ml penicillin; 3. S. thermophilus 0.5 u/ml peni- 
cillin; 4. S. thermophilus control; 5. S. thermophilus milk from treated cow 


(first milking diluted 


1:1,000) ; 6. S. thermophilus milk from treated cow (fifth milking, no dilution); 7. L. dextranicum con- 
trol; 8. L. dertranicum 0.2 u/ml penicillin; 9. L. dextranicum 0.5 u/ml penicillin; 10. S. lactis control; 
11. 8. lactis 0.05 u/ml penicillin; 12. S. lactis 0.5 »/ml penicillin. 





‘Strains of S. 
after 16 hr. exposure at 25° C. 
® Magnification, 1,350 x. 





thermophilus and 8. lactis after 1 hr. exposure at 37° C. Those of L. dextranicum 
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EFFECT ON SILAGE OF CHOPPING AND BRUISING THE FORAGE! 


A study was begun in 1958 in which the value 
of various forages for silage was estimated in 
l-qt. jar silos. During the course of this work 
it was found that the quality of silage produced 
could be markedly improved by finer chopping 
and/or grinding, even though the extent of air 
exclusion and density were constant. This re- 
port consists of the preliminary results of a 
study of the conditions under which the same 
factor might influence the silage obtained in 
larger silos. 

Two harvesting methods were used which were 
intended to provide extremes of conditions for 
physical treatment and allow observations of 
their effects, if any. The harvesting methods 
were: 1. Chopped with a forage harvester set 
for a 3-in. eut. 2. Chopped with a harvester set 
set for a 5/16-in. eut and this followed by the 
bruising provided by a Silorator. This reduced 
the forage to an almost pulpy consistency and 
is referred to as “bruised.” No wilting was in- 
volved with either method. 

One load of third-cutting alfalfa was har- 
vested by each of the two methods in the morn- 
ing of September 3 and again in the afternoon. 
Two + by 8-ft. steel silos were filled from each 
load by a uniform procedure consisting of 
tramping, weighting with 500 lb. of brick, and 
sealing with a steel cover and rubber gasket. 


‘ Associated with graduate studies, undertaken 
by C. H. Gordon at the University of Maryland, 
Agronomy Department, College Park, Maryland: 


Thus, four silos were filled from each of the 
two types of forage. 

The silages were opened after a storage period 
of 145 days and the procedures evaluated on the 
basis of preservation efficiency and chemical 
quality of the silage. 

The data in Table 1 indicate that pre-ensiling 
mechanical treatment had a marked effect on 
final quality of the silages. The bruised silages 
were characterized by lower pH values, lower 
ammoniacal nitrogen, and higher lactie acid 
contents than the chopped silages. Bruised sil- 
ages also had a much lower butyric acid content 
in the P.M.—harvested silages. The value of the 
bruising treatment for improving chemical qual- 
ity was more pronounced in the silage from the 
P.M.-harvested forage, since this was the forage 
which produced the lowest quality silage when 
chopping was the only treatment. 

The final distribution of stored dry matter 
is presented in Table 2. The assumption has 
been made that dry matter not recovered as 
silage or seepage was lost in a gaseous form. 
Bruised silage consistently had much lower gas- 
eous losses than the chopped silage, although 
this advantage in the A.M.-harvested forage was 
counterbalanced by greater seepage losses. 

An adequate explanation of the preliminary 
results of this study is not within the scope of 
this report if, indeed, possible from the limited 
data. Apparently, the rupture of a high per- 
centage of the plant cells (bruised) was directly 
or indirectly responsible for producing a fer- 


TABLE 1 











Final chemical quality of silages 
Organic acids 
Silo Dry Ammonia Pro- 
No. matter pH N* Butyrie pionie Acetic Lactic 
(%) ————_—_—_——_——_——_—_—_————-(% dry matter) 
A.M.—stored Bruised 
3 18.3 4.2 1.29 36 .O7 2.83 8.00 
10 18.2 4.2 1.30 06 1.2] 2.12 7.28 
Chopped 
1 18.2 4.6 2.08 06 04 5.12 4.00 
8 17.6 4.6 2.20 74 22 4.66 3.11 
P.M.—stored Bruised 
ci 21.5 4.0 1.05 12 07 1.53 8.55 
4 22.5 3.9 1.08 .05 01 1.45 8.26 
Chopped 
6 20.1 5.0 4.20 4.53 0.55 0.66 
2 20.6 5.2 4.04 4.65 0.12 0.28 
Averages 
Bruised 20.1 4.1 1.18 15 4 1.88 8.02 
Chopped 19.1 4.8 3.13 2.50 .23 3.66 2.01 





“ Expressed as protein. 
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TABLE 2 


Initial and final dry matter distribution 


Final distribution 
as % of stored 


Ini 
Silo _ tially Seep- 
No. stored Silage age Gas 
(lb.) 
4.M.—stored Bruised 
3 502.2 89.5 73 3.2 
10 519.4 93.2 7.2 —O04 
Chopped 
1 326.1 88.9 2.5 8.6 
8 357.4 86.1 3.0 10.9 
p.M.—stored Bruised 
7 506.0 97.9 0.7 1.4 
+ 538.4 98.5 2.1 —0.6 
Chopped 
6 346.2 $2.0 0.3 Be 3 
2 376.7 84.3 0.3 15.4 
Averages 
Bruised 516.5 94.8 4.3 0.9 
Chopped 351.6 85.3 1.5 13.2 


mentation which was profoundly different from 
that oceurring when the crop was only chopped. 


Sinee spoilage was prevented in all silos, ox- 
ygen appears to have been well excluded under 
both treatments. Although density differed with 
treatments in this experiment, previous work 
with 1-qt. silos indicates that this was not pri- 
marily responsible for the differences observed. 
The mechanisms of the effeet observed remain 

obseure, but the results clearly indicate that 
mechanical preparation of the forage previous 
to ensiling may be a powerful tool for influene- 
ing the quantitative and qualitative character- 
isties of a silage. The magnitude of differences 
observed suggests that this tool may be of prac- 
tical as well as fundamental interest. 

C. H. Gorpon 

H. G. WisEMAN 

J. C. DERBYSHIRE 

W. C. JACOBSON 

Dairy Cattle Research Branch, 

Animal Husbandry Research Di- 

vision, ARS, Agricultural Re- 

search Center, Beltsville, Md. 

AND 

D. T. Buack 

Harvesting and Farm Processing 

Branch, Agricultural Engineer- 

ing Researeh Division, ARS, 

USDA, Beltsville, Md. 


FRACTIONATION OF MILK PROTEINS ON ANION-EXCHANGE 
CELLULOSE! 


A method of column chromatography using 
anion-exchange cellulose was developed by 
Sober and Peterson (1,3) and successfully 
applied to various proteins, nucleic acids, and 
enzymes. They reported that the resolving 
power of the cellulose ion-exchanger is greater 
than that afforded by conventional electro- 
phoresis. They recovered 50-100% of the ac- 
tivity of various enzymes and achieved quanti- 
tative nitrogen recovery (3). 

An attempt was made to apply this technique 
in fraetionating milk prote‘ns. The procedure 
used was that described by Sober et al. (2) 
for preparing the adsorbent column and de- 
veloping the chromatogram. 

Freshly drawn, uncooled milk from a single 
cow was separated into cream and skimmilk 
immediately after milking, and cooled rapidly 
with ice water. The skimmilk was dialyzed for 
24 hr. against large amounts of the starting 
buffer (0.005 M sodium phosphate at pH 7.0) 
and the buffer was changed frequently. Twenty- 
five milliliters of the dialyzed skimmilk was 
placed on the column (anion-exchange adsorb- 


This study was supported in part by funds 
from the California Dairy Industry Advisory 
Board. 


ents DEAE-SF’*, Diethylaminoethanol on 
Solfa-Floe cellulose lattice) and followed with 
continuous flow of buffer. Gradients of salt or 
pH or both were employed for elution. Toluene- 
covered sodium phosphate buffers were used at 
flow rates of about 50 ml. per hour (7 p.s.i. Ne). 
The elution diagram obtained is shown in 
Figure 1. The individual effluent fractions of 
about 5 ml. each were examined in a Beckman 
DU spectrophotometer at 280 mu. 

This simple continuous fractionation by anion 
exchanger is proving very useful for isolation, 
purification, and characterization of milk pro- 
teins and enzymes. The procedure used may be 
modified aceording to the particular com- 
ponents under investigation. A modification of 
this method is being used in this laboratory for 
the study of milk lipase systems. 


MaxotTo YAGUCHI 

W. G. JENNINGS 

N. P. TarassuK 

Department of Dairy Industry, 
University of California, 

Davis 


* Obtained from the Bio-Rad Laboratories, Rich- 
mond, California. 
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Fig. 1. 
5-ml. fractions. Buffers: I, 0.005 M Na phosphate, pH 7.0; II, gradient to 0.02 M Na phos- 
phate, pH 6.0; III, gradient to 0.05 M NaHsPQ,; IV, gradient to 0.1 M NaCl—0.05 M 





NaH2PQ,; V, gradient to 0.5 M NaCl 
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CEREBROSPINAL FLUID COMPOSITION STUDIES IN CALVES 
ON VARYING CAROTENE INTAKES! 


An inerease in cerebrospinal fluid (CSF) 
pressure appears to be the first measurable 
change in vitamin A deficiency in the calf 
(8,10). On this basis, it appeared plausible that 
concentration changes of certain constituents in 
CSF might occur prior to this increased pressure. 

Twelve Guernsey and 12 Holstein 64-day old 
male calves were placed on a vitamin A deple- 
tion ration until their blood plasma vitamin A 
level had decreased to =12 y%. Thereafter, 
with restrictions as to breed, each animal re- 
ceived one of four carotene intakes, 30, 60, 120, 
or 240 »/lb live weight/day, from artificially de- 
hydrated alfalfa. A more complete description 
ot the depletion ration and the experimental 


‘The author is indebted to H. D. Eaton for 
helpful suggestions in the preparation of this 
manuscript. 


procedure used in this study has been reported 
by Eaton et al. (5). The 30-y intake level was 
chosen on the basis that it should result in an 
increased CSF pressure in the Guernsey calves, 
but be just adequate to prevent this in the 
Holsteins (9). The remaining levels of carotene 
were considered more than adequate to prevent 
an increased CSF pressure in both breeds. 
After 12 wk. on their respective rations, CSF 
pressures were obtained by puncture of the 
spinal canal through the dorsal opening of the 
atlanto-occipital articulation and by measuring 
the height to which the CSF rose, in a rigid 
polyethylene tube attached to the hub of the 
needle (7, 11). After measuring CSF pressures, 
approximately 25 ml. of fluid were withdrawn 
by means of a hypodermic syringe. Sodium, 
potassium, and calcium concentrations of CSF 
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were determined flame photometrically (1,4), 
and inorganic phosphorus was measured colori- 
metrically (6). Analysis for free amino acids 
in CSF was carried out as follows: Approxi- 
mately 15 ml. of CSF were evaporated to dry- 
ness on the steam bath, to precipitate the pro- 
teins, the residue taken up in hot water and the 
solution filtered. The filtrate was then desalted 
electrolytically, evaporated to dryness again, and 
the residue taken up in a small volume of 10% 
isopropyl aleohol. This solution was used for 
spotting the chromatograms. Two dimensional 
paper chromatography was used to separate 
and identify the free amino acids; 80% pyridine 
and ethanol : butanol : formie acid: water (60:20: 
5:15) were the primary solvents employed. 
Statistical procedures used for the analysis of 
sodium, potassium, calcium, and phosphorus 
data were taken from Cochran and Cox (3). 

Inspection of the mineral analyses results, 
substantiated by statistical analysis, revealed 
that there were inappreciable differences be- 
tween carotene intake or breed in the sodium, 
potassium, inorganic phosphorus, and calcium 
concentrations of CSF (Table 1). Only two 
calves, both Guernseys on the 30 y carotene in- 
take group, were found to have an increased 
terminal pressure (av. 125 mm. H.O). The 
present results thus would indicate that no 
changes in the concentration of these constitu- 
ents occur prior to an increased CSF pressure; 
however, the possibility that this balance is 
altered in a more severe or prolonged deficiency 
still exists. The only previous report on bovine 
CSF found in the literature gave a mean calcium 
value of 5.5 mg/100 ml. (2), which is in reason- 
able agreement with the present results. 

The free amino acids and their per cent oc- 
currence, based on the analysis of CSF from 
eight Guernsey and two Holstein calves, are 
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given in Table 2. Differences in the per cent 
occurrence of the free amino acids appeared not 
to be related to carotene intake or elevated CSF 
pressure; however, because of the limited num- 
bers (calves) and unequal distribution among 
carotene intakes and breeds, no definite conclu- 
sions could be made from these data. The amino 
acids reported in Table 2 represent those con- 


TABLE 2 
Free amino acids present in cerebrospinal fluid of 
eight Guernsey and two Holstein calves 





Amino Acid Occurrence 


(%) 
Alanine 100 
Arginine-Lysine 50 
Aspartie Acid 40 
Cysteine-Cystine 80 
Glutamie Acid 100 
Glutamine 100 
Glyeine 100 
Leucines 40 
Serine 100 
Threonine 100 


Valine 30 


stituents which were identified; however, several 
unknown ninhydrin-positive spots were observed 
in some of the CSF samples. On the basis of 
visual color density and area of spots, alanine, 
serine, and glutamine were the amino acids con- 
sistently present in the highest concentration. 

B. A. Denority * 

Storrs (Connecticut) Agricultural 

Experiment Station 


Department of Animal Sei- 
Experiment Station, 


* Present address: 
ence, Ohio Agricultural 
Wooster, Ohio. 


TABLE 1 


Concentrations of sodium, potassium, inorganie phosphorus, and calcium in cerebrospinal 
fluid of Guernsey and Holstein ealves 




















Carotene intake* Standard 
Bars: deviation 
30 60 ¥ 120 y 240 Mean per calf 
(mgq/100 ml.) 
Sodium 
Ga” 335 333 337 334 4 
H” 339° 338 343 338 337 4 
Potassium 
G 12.0 12.5 12.3 12.7 0.3 
H 12.4° 12.5 12.8 12.4 12.4 0.3 
Inorganic phosphorus 
G 1.66 1.79 1.66 1.75 0.16 
H 1.83° 1.92 1.66 1.65 1.74 0.16 
Caleium 
G 4.9 5.1 5.1 4.9 0.4 
H §.1° 5. 5.0 5.1 





5.1 0.4 








>G, Guernseys; H, Holsteins. The value under each intake represents the mean concen- 
tration obtained from the cerebrospinal fluid of three calves. 


© Cerebrospinal fluid sample not obtained from one calf, missing value calculated (3). 
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EFFECT OF DURATION OF EXPERIMENT ON EXPERIMENTAL 
ERRORS IN CALF NUTRITION GROWTH STUDIES! 


Estimates of experimental errers of growth 
are of importance for efficient planning and 
adequate interpretation of calf nutrition studies. 
For example, they are of value in estimating the 
number of calves required per treatment to ob- 
tain a specified statistically significant difference 
in growth between treatments (2,4). As early 
as 1913, Mitchell and Grindley (5) demonstrated 
that the size of the experimental errors for in- 
creases in live weight, expressed as percentages 
of mean gains, of beef cattle, sheep, poultry, and 
swine, decreased with increasing time on experi- 
ment. The rates of change of these decreases 
were most rapid during the early parts of the 
experiments and, thereafter, were at consider- 
ably slower rates or had a tendency to approach 
constant values. Somewhat similar findings have 
been reported (3) for increases in several linear 
growth measurements as well as live weight of 
dairy calves fed a single ration, uniformity data, 
and for increases in live weight of dairy heifers 
(1). The present study was undertaken to deter- 
mine the effect of duration of experiment on the 
experimental errors of increases in growth of 
dairy calves to which various dietary treatments 


‘This study was supported in part with funds 
provided by Wirthmore Feeds Inc., Waltham, Mass. 
The authors are grateful to Mrs. Mae Miller, Mrs. 
Elaine Trantum, R. T. Chatterton, Jr., A. P. Grifo, 
Jr., H. A. Kemmerer, Jr., and R. Teichman, for 
assistance in computations. We are especially 
indebted to Dr. R. L. Anderson for discussing the 
statistical aspects of this study. 


had been imposed, in contrast to the aforemen- 
tioned estimates obtained from uniformity data 
(3). 

Data used in this study were from seven 
randomized block and one nonreplicated fac- 
torial experiment conducted at the Storrs Sta- 
tion from 1949 through 1956. As they became 
available, one-day-old calves from Connecticut 
State institution and private herds were as- 
signed to treatment according to previous ran- 
dom allotment. In all but one experiment (a 
randomized block), breed and sex were included 
as treatment, so that the existence of possible 
interaction between these and other treatment 
effects might be ascertained. The number of 
calves per experiment ranged from 15 to 36. 
The number of degrees of freedom for the error 
mean squares ranged from four to 21. 

All calves were maintained in individual tie- 
stalls throughout the course of their respective 
experimental periods. After nursing their dam 
or receiving colostrum from a frozen colostrum 
bank, calves in all but one experiment were fed 
a limited amount of whole milk, 168 to 182 Ib., 
to the 35th day of age, a limited amount of 
starter, 2.5 to 4.0 lb. per calf per day, and ad 
libitum amounts of hay or ad libitum amounts 
of various mixtures of starter and hay. In the 
one experiment, one-half of the calves received 
milk as above, and one-half received milk at a 
daily rate of 10% of live weight up to a daily 
maximum of 10 lb. per calf per day to the 63rd 
day of age. The nutritional treatments include 
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type and/or level of roughage in four experi- 
ments, chlortetracycline levels in starter in two 
trials, and level of tallow in starter and milk 
allowance and type of roughage, each in one 
study. 

Live weights were observed to the nearest 1 Ib. 
at birth and on the last day of each successive 
seven-day age period. Height at withers, heart 
girth, and girth of paunch were measured to the 
nearest 14 in., as previously deseribed (3), on 
the seventh day of age and on the last day of 
each successive 14-day age period for five of the 
eight experiments. The statistical methods used 
were those of Snedecor (6) and Cochran and 
Cox (2). The statistics reported herein are for 
growths between seven and 91 days of age for 
seven of the experiments and between birth and 
84 days of age for the eighth experiment. The 
use of the data from the eighth experiment ap- 
peared to be justified, since a previous study (3) 
indicated that the decrease in the magnitude of 
the coefficients of variation of growth with time 
on experiment was not associated with age of 
the calf. 

In Table 1 are presented the medians and 
ranges for the mean growths, the standard 
deviations, and coefficients of variation. As 


would be expected, the magnitude of the growths 
increased markedly with increases in duration 
of experiment. Although the standard devia- 
tions also increased with increases in the length 
of the experimental period, these increases were 
not as rapid as for growths. Thus, the coeffi- 
cients of variation decreased with duration of 
experiment. These decreases were most marked 
during the early portion of the experimental pe- 
riod. After the 56th day or 8th wk. on experi- 
ment, the decreases for the medians became 
more or less constant in magnitude, decreasing 
between one and six percentage units per 14-day 
increase in duration of the experiment. As 
would be expected with the limited number of 
experiments, the upper and lower limits of the 
ranges exhibited greater variation in these de- 
ereases which amounted to between +3 to —9 
percentage units. 

The trends in the decrease of the coefficients 
of variation of growths are in agreement with 
those for calves fed a single ration (3), as well 
as those for other classes of livestock (5). Since 
experimental periods of greater than 84 days’ 
duration might have resulted in further de- 
creases in the magnitude of the coefficients of 
variation, additional caleulations were made 


TABLE 1 
Median and range of mean growth (¥), standard deviations for growth (S.D.), and coefficients 


of variation (C.V.) as affected by duration of experiment 


Growth - _ ~ 





Days on experiment 


42 56 70 84 








criterion 14 28 
Live weight (lb.) 
¥ Median 9.3 23.8 40.8 63.4 87.2 107.6 
Range 2.1-12.5 11.8-32.5 26.7-48.9 46.4-72.0 69.0-97.7 89.4-127.9 
S.D. Median 5.0 7.3 10.4 12.4 13.0 14.0 
Range 3.4-7.1 4.7-12.6 7.6-13.0 9.4-16.4 11.1-20.2 12.8-23.4 
C.V. Median 58 34 24 21 17 14 
Range 34-219 21-56 18-42 13—27 11-23 10-20 
Height at withers (in.) 
¥y Median 0.73 1.45 1.99 2.84 3.88 4.31 
Range 0.47-0.87 1.30—1.62 1.69-2.52 2.64-3.36 3.30-4.46 4.47-5.28 
S.D. Median 0.39 0.53 0.75 0.81 0.82 0.86 
Range 0.27-0.75 0.20—-0.82 0.23-0.89 0.65-0.90 0.65-0.94 0.75—0.98 
C.V. Median 53 38 39 28 23 19 
Range 31-160 12-63 9-53 23-33 16-28 14-22 
Heart girth (in.) 
y Median 0.92 2.23 3.53 4.84 6.43 7.86 
Range 0.45-1.73 1.61-2.86 2.89-4.51 4.08-6.08 5.86—7.74 7.42-9.17 
S.D. Median 0.96 1.11 1.08 1.25 1.42 1.37 
Range 0.84—2.25 0.44—1.78 0.84-1.31 1.17-1.89 1.14-1.61 0.94-1.53 
C.V. Median 130 63 30 27 21 17 
Range 73-198 15-84 21-43 25-33 19-24 11-18 
Girth of paunch (in.) 
y Median 2.00 5.90 10.49 13.19 16.06 18.04 
Range 1.39-3.85 5.17-7.74 9.69-11.98 12.14-14.61 14.94-17.41 17.80—19.75 
S.D. Median 1.52 2.02 2.22 2.00 2.33 2.39 
Range 1.24—1.88 1.49-2.77 1.80—2.65 1.82-2.73 1.93-3.60 1.91-2.86 
C.V. Median 72 29 20 16 15 13 
Range 48-98 19-54 15-27 14-19 13-22 11-16 
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where possible. In five of the eight experiments 
in which the duration of experiment was greater 
than 84 days, the median coefficients of varia- 
tion of live weight increases for an 84- and a 
98-day period were, respectively, 14 and 14, 
with a range for both values between 10 and 15. 
Although these values indicated that little fur- 
ther decrease would be expected, additional data 
consisting of longer experimental periods are 
needed to verify these results. 

The possible effect of large differences in 
growth between treatments on the magnitude of 
the experimental errors was explored by plotting 
the coefficient of variation against the treatment 
difference, divided by the experiment mean times 
100. Neither within a particular duration of 
experiment group nor across all durations was 
there a noticeable trend. Although admittedly, 
the number of experiments, eight for live weight 
gain and five for linear growth, was few, these 
findings do not contest the contention of Mitchell 
and Grindley (5) that the severity of treatment 
apparently does not affect the size of the experi- 
mental errors of growth. 

To detect a specified statistically significant 
difference in growth, fewer calves are needed 
per treatment as the duration of the experiment 
is inereased. To illustrate this, the median coeffi- 
cients of variation, as well as the lower and 
upper range of values from Table 1, were used 
to calculate (2) the number of replications re- 
quired to detect a growth difference of 20% of 
mean growth for experimental periods ranging 
from 42 to 84 days’ duration (Table 2). As can 
be seen from these estimates, the number of 
replications when using the median coefficients 
of variation decreased by approximately two- 
fifths for live weight, one-fourth for height at 
withers, one-third for heart girth, and one-half 
for girth of paunch, when the experimental pe- 
riod was increased from 42 to 84 days. When 
using the upper range values of the coefficient 
of variations, the magnitude of the decreases in 
the number of replications required was con- 
siderably greater; whereas, when using the 
lower range values, the decreases were less and 
also more variable. 

H. D. Eaton 
D. G. GOSSLEE 
Storrs (Connecticut) Agricultural 
Experiment Station 
AND 
H. L. Lucas, JR. 
North Carolina State College, 
Raleigh 
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TABLE 2 
Effect of duration of experiment upon the number 
of replications required to detect a signifi- 
eant difference in growth of 20% 
of the mean growth* 
: Days on experiment 
Growth 
criterion 42 56 70 S4 
(No. of replications) 
Live weight 
Median 25 20 14 10 
Range 15-72 9-31 7-23 7-18 
Height at withers 
Median 62 33 23 17 


Range 6-113 23-45 13-33 10-21 


Heart girth 
Median 38 31 20 14 


Range 20-75 27-45 17-25 7-15 


Girth of paunch 
Median 18 13 11 9 
Range 11-31 10-17 9-21 7-13 


“Using the median and range of the coefficients 
of variation from Table 1, and assuming random- 
ized block design with two treatments, two-tailed 
‘*t’’ test, 5% significance level, and 80% proba- 
bility of detecting difference (2). 
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OUR INDUSTRY TODAY 


CURRENT DIETARY RECOMMENDATIONS FOR THE PREVENTION 
AND TREATMENT OF CORONARY HEART DISEASE AND 
WHAT THEY MEAN TO THE DAIRY INDUSTRY! 


Zor KE. ANDERSON ~ 
Direetor of Nutrition Research, National Dairy Council, 
111 North Canal Street, Chicago 6, [llinois 


Dietary recommendations for treatment of 
coronary heart disease are encountered almost 
daily in professional journals, medical books, 
dietary manuals, books for the lay public, pop- 
ular magazines, and newspapers. The recom- 
mendations are made by researchers working 
in the field, researchers evaluating the work 
of others, organizations such as the American 
Medical Association and the American Heart 
Association, public health nutritionists, public 
health physicians, physicians in private prac- 
tice, and the employees of some food and drug 
companies in the promotion of certain products. 

The most general recommendation with which 
all seem to agree is to avoid excess body weight 
by controlling food intake and exercising regu- 
larly. Frequently coupled with this is a recom- 
mendation to restrict fat intake as a means of 
reducing total calorie intake. Some researchers, 
physicians, public health nutritionists, and com- 
mercial companies carry this further. They 
advise people to avoid animal fats, as in the 
visible fat of meats, eggs, lard, butter, ice 
cream, cheese (except dry curd cottage cheese), 
and whole milk; to avoid hydrogenated shorten- 
ings, oleomargarine, coconut oil and cocoa 
butter; to use nonfat milk solids, egg whites, 
lean meat only, poultry, and fish as sources of 
protein; to use vegetable oils such as corn, 
cottonseed, peanut and safflower seed oils, and 
some new vegetable oil products made as a sub- 
stitute table spread to replace butter and oleo- 
margarine. These recommendations are made to 
the population as a whole by some investigators. 
Others limit the recommendations to individuals 
who have high serum cholesterol levels, high 
atherogenic index, a family history of coronary 
heart deaths, clinical symptoms of atheroscle- 
rosis, or have had a coronary heart attack, are 
obese, have diabetes, are hypothyroid, smoke, 
have high blood pressure, or work and live 
under stressful circumstances. 

These recommendations are based on evidence 
which suggests that high serum cholesterol levels 
may, in some way, increase the susceptibility of 
the individual to atherosclerosis and to coronary 
thrombosis and occlusion; and on changes in 


‘ Reprints available for 90 days after publication 
of this paper. For prices, see page 1434 of this 
issue, 

“Presented at Dairy Technology Conference, 
University of Illinois, Urbana, March 26, 1959. 
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serum cholesterol levels which are related to 
changes in kind and amount of dietary fat. The 
major problem is that all information does not 
point in the same direction. Much evidence is 
conflicting. Many very competent researchers 
and physicians do not agree with these broad 
recommendations for drastic changes in the 
American diet. Indeed, the Food and Nutrition 
Board of the National Research Council, Na- 
tional Academy of Sciences, in its Recommended 
Dietary Allowances, Revised 1958, published 
this statement: 

“Much attention has been given to the poten- 
tial harmful effeets of excessive intakes of fat, 
or of some kinds of fat. In the United States, 
with its relatively high mortality rate from 
coronary heart disease, and with a large pro- 
portion of food calories derived from fat, much 
interest has attached to findings on the subject, 
and broad proposals have been made for cor- 
recting the national diet. The present knowl- 
edge of fat metabolism and of the relation of 
dietary fat to the occurrence of disease has been 
recently reviewed by the Committee on Fats in 
Human Nutrition of the Food and Nutrition 
Board of the National Research Council. It is 
not yet possible to state definitely a reasonable 
allowance for fat in the diet or to indicate the 
characteristics of a fatty acid mixture most 
favorable for the support of health. A diet 
selected from a wide variety of foodstuffs, both 
vegetable and animal, is most like to maintain 
good health.” (19) 

In another bulletin published by the Food 
and Nutrition Board under the title “The Role 
of Dietary Fat in Human Health,” the follow- 
ing statement appears: 

“Until it is clear which fats are more desir- 
able nutritionally and which, if any, are un- 
desirable—major changes in American dietary 
habits are not to be recommended. 

“There is nothing in the history of nutrition 
that should persuade man to give up reason- 
ableness and moderation in his choice of food. 
Above all, there is need of judicious and ac- 
curate interpretation of dietary observations. 
A wider choice of those foodstuffs shown by 
experience and by experiment to be useful com- 
ponents of the daily ration is the best possible 
protection against nutritional disease.” (20) 

These statements of the Food and Nutrition 
Board of the National Research Council are not 
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particularly palatable to some individuals with 
whose opinions they conflict. The conflict has 
heen dealt with in a very interesting way in a 
hook which the following excerpt was 
taken : 

“The platitude issued by some supposed 
experts in nutrition on the danger of tampering 
with the existing American diet should not be 
taken at all seriously, since it is entirely possible 
to plan a diet that is highly adequate. Indeed 
such diets can be more than adequate by Nation- 
al Research Council Standards, which reflect 
the best available nutrition knowledge.” (7) 


from 


Here, the membership of the Food and Nutri- 
tion Board of the National Research Council is 
referred to, in the first sentence as “some sup- 
posed experts in nutrition”; and in the second 
sentence as reflecting “the best available nutri- 
tion knowledge.” Unfortunately, the reader for 
whom the text was prepared will not recognize 
these and other discrepancies. 


DAIRY INDUSTRY DILEMMA 


All recommendations pertaining to diet in re- 
lation to heart diseases have implications for 
the dairy industry, as they affect consumer atti- 
tudes toward dairy foods and as they present 
opportunities to the dairy industry to tailor- 
make products which might further benefit man- 
kind and sustain a stable economy for the in- 
dustry. Certainly, of all animal food industries, 
the dairy industry is in the best position to pro- 
vide nutritious and palatable foods tailor-made 
to meet whatever needs might be established. 
Milk is the only animal food from which part 
or all of the fat can readily be removed, modi- 
fied, or replaced. 
is so vital to human health and to our agricul- 
tural economy, that broad changes in basic dairy 
foods must rest firmly on positive and conclu- 
sive evidenee .. . and ought not to be made in 
absence of conclusive evidence of need. 

If evidence in this area was conclusive in any 
direction, and if there was general professional 
agreement on dietary recommendations, the im- 
plications would be clear-cut and the dairy in- 
dustry could leave its products alone . . . or 
modify them to meet medical and consumer de- 
mands. As it is, evidence is conflicting. There 
is no rational basis at the present time on which 
the dairy industry might make changes, other 
than those which it has already made to meet 
demands by providing: low-fat milks fortified 
with vitamins A and D and nonfat milk solids, 
low-fat frozen desserts, low-sodium milks, dry- 
curd cottage cheese, and nonfat milk solids 
which can be incorporated into many different 
products. Other experimental products have 
been and are being studied but are not generally 
available on the market. 


However, the dairy industry 
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Dr. Harold Hansen Mitchell, eminent nutri- 
tionist for half a century, has said, “A hypothe- 
sis is good only as long as there is no evidence 
against it.” How conflicting is evidence per- 
taining to the hypothesis that coronary heart 
disease is caused by a high intake of animal 
fat? 

First, while data have been cited which show 
a correlation between fat consumption in seleet- 
ed countries and incidence of coronary heart 


disease .. . when data from other countries are 
considered, this correlation no longer exists. 


This is clearly shown in Table 1, which presents 
data on National Food Supplies and Deaths 
from Heart Disease from ten different countries. 
The data in this table do not reveal any rela- 
tionship between national food supplies and 
death rates from arterioselerotic and coronary 
heart disease. 

It is of interest that one investigator who 
tells the American publie that “no country 
which has a high incidence of coronary heart 
disease has a low intake of dairy foods” has also 
said “great differences between countries in 
mortality from arteriosclerotie and coronary 
heart disease are not quantitatively related to 
differences in per capita milk and dairy foods 
consumption.” Although he places greater im- 
portance on the former statement, the latter one 
is far more significant. No one has died of cor- 
onary heart disease without first being born . . . 
yet stating that being born is the cause of dying 
does not aid materially in placing the immediate 
cause of death of anyone. 

Secondly, recommendations regarding dietary 
fat are aimed at attempts to lower serum choles- 
terol levels or to modify the “atherogenic index” 
of individuals, on the assumption that develop- 
ment of atherosclerosis can be prevented or re- 
versed by so doing. This is based on evidence 
of high serum cholesterol levels and abnormal 
“atherogenic index” being associated in popu- 
lation groups with a high incidence of coronary 
heart disease and being associated with diseases 
like diabetes, in which coronary heart disease 
is also frequently observed. Yet, it is generally 
agreed that serum cholesterol values can not be 
used to predict accurately the presence or se- 
verity of atherosclerosis, or who will or will 
not have a coronary heart attack. Many young 
people with low serum cholesterol levels die of 
a heart attack. Many others with high serum 
cholesterol levels live to an old age. Two reports 
in the literature show no correlation between 
serum cholesterol values and severity of athero- 
sclerosis as evaluated at autopsy (14, 16). Only 
one laboratory claims predictive value for the 
“atherogenic index,” which is considered by 
others of even less value than serum cholesterol 
levels (6, 7). The “atherogenic index” is fur- 
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ther complicated by its author’s claims that it 
might indicate either a need for a low-animal- 
fat or a low-carbohydrate diet. He claims that 
vegetable oils have no effect on “atherogenic 
index” and, therefore, can be used to replace 
both animal fats and carbohydrates (7). 

Third, by assuming that it may be desirable 
to reduce serum cholesterol levels by modifying 
the kind of fat consumed in the diet, then the 
contradictions increase. In human subjects, the 
constituents of dietary fats have been shown 
to affect serum cholesterol levels as follows: 


saturated fatty acids both lower . . . and ele- 
vate cholesterol levels (11) ; 

oleic acid, the mono-unsaturated fatty acid, 
has no effect . . . but with animals it elevates 
cholesterol levels (8, 11) ; 

the more highly unsaturated a fat as judged 
hy iodine number, the more it depresses choles- 
terol levels (1) ; 

total unsaturation, as judged by iodine num- 
ber, is not important ... it is the essential 
fatty acid, linoleic acid, which depresses choles- 
terol levels (13); 

hydrogenating corn oil . . . though it reduces 
total unsaturation and linoleic acid content and 
increases saturated fatty acid content . . . does 
not rob the oil of its ability to lower cholesterol 
levels (2); 

adding a highly saturated fat to a highly 
unsaturated oil does not rob it of its ability to 
lower cholesterol levels (11). 


Milk fat tends to elevate blood cholesterol 
levels. This is not due to its cholesterol con- 
tent ... there is general agreement that dietary 
cholesterol does not influence blood cholesterol 
levels in human beings. 

Could this effect of milk fat be due to its 
relatively low level of unsaturation as judged 
by iodine number? This is claimed by many... 
yet normal healthy babies fed cow’s milk con- 
taining fat with an iodine number around 38 
have no higher blood cholesterol values than 
normal healthy babies fed human milk contain- 
ing fat with an iodine number of 62... and 
no higher blood cholesterol values than babies 
recovering from severe protein deficiency dis- 
ease while consuming nonfat milk solids and no 
fat at all . . . about 175 mg. cholesterol per 
100 ml. blood serum. Meanwhile, normal 
healthy babies fed nonfat milk solids combined 
with vegetable oils have very low blood choles- 
terol levels . . . levels similar to those of babies 
with severe protein deficiency who are not re- 
sponding to dietary treatment ... about 110 
mg. cholesterol per 100 ml. of blood serum 
(Ss Se). 

Could it be due to the oleic acid content? 

One investigator says “No” .. . that blood 
cholesterol levels in adult men on controlled diets 
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are not affected by dietary oleic acid (12). 
Others have assumed oleic acid has no effect. 
Yet, oleic acid content of human and cow’s 
milks are very similar, 36% and 32%, respec- 
tively .. . and babies fed these two milks have 
comparable cholesterol levels (3, 15). Also, ani- 
mals fed oleic acid tend to have higher choles- 
terol levels than when fed either saturated or 
polyunsaturated fatty acids and animals 
deficient in essential fatty acids tend to aceumu- 
late the metabolites of oleic acid in their heart 
tissue even though on a fat-free diet (9, 11). 

But from this contradictory evidence .. . do 
we have any basis for proposing any replace- 
ment for milk fat or any modification of milk 
fat itself? Some researchers and physicians are 
saying “Yes.” The Food and Nutrition Board 
of the National Research Council says “No.” I 
should like to ask each person to examine the 
evidence and form his own conelusions. Certain- 
ly, I feel unprepared to suggest any “improve- 
ment” on milk fat at the present time. 

Fourthly, many factors of diet and physi- 
ology also influence blood cholesterol levels, in- 
cluding : 

kind and amount of dietary protein; 

kind and amount of carbohydrate; 

amount of magnesium and ratio of magne- 
sium to calcium; 

various vitamins including B,, C, D, and E; 
and 

hormonal balance as affeeted by insulin, thy- 
roid funetion, and sex hormone secretions (11, 
25). 

Time does not permit going into the details 
of how each of these factors influences blood 
cholesterol. Suffice it to say that: 


diabetics examined at autopsy showed a 30% 
incidence of myocardial infarction . . . heart 
damage from a coronary occlusion . . . as 
against a 5% incidence in the nondiahetie 
autopsy population (24) ; 


hypothyroid function produced in baboons 
was more effective in producing atheroscler- 
osis in that species than any other measure 
studied . . . dietary or physiological (5) ; 


the greatest differences observed in mortality 
rates in the United States are differences he- 
tween sexes (see Table 1). 


Is it eonceivable that nature has combined 
a high quality protein with a good source of 
magnesium and ealeium and other essential nu- 
trients with a fat which is harmful? It is un- 
reasonable to believe so and evidence has not 
established that it is so. Certainly, in the face 
of conflicting evidence the dairy industry can 
have faith in all constituents of its product, 
milk. 

Evidence does not favor milk fat or dairy 
foods being in any way responsible for our 
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high ineidence of coronary heart disease. The 
United States, as noted in Table 1, is first among 
countries in mortality rate from heart disease 
... but ranks about 13th in per capita consump- 
tion of whole milk equivalents from all dairy 
foods, as shown in Table 2 (10). 


TABLE 2 


Whole milk equivalent consumed per person, 1956 


Country Pounds 

1. Ireland 1,534 

2. New Zealand 1,428 

3. Finland 1,336 

4. Australia 1,023 

5. Sweden 1,013 
6. Canada 1,012 
7. Switzerland ... 980 
8. Belgium 975 
9. Norway 899 
10. Denmark 842 
11. United Kingdom 764 
12. France 721 
13. UNITED STATES 707 
14. West Germany 704 
15. Netherlands 668 


The ery today is against a rising incidence 
of arteriosclerotie and coronary heart disease, 
but what of the changing picture in dairy foods 
consumption in the United States? 

Figure 1 shows the relationship of pounds of 
milk fat to pounds of solids-not-fat and pounds 
of total milk solids consumed per person in the 
United States since 1925. Starting about 1935, 
there was a slow increase in per capita con- 
sumption of nonfat milk solids and total milk 
solids to about 1945, with a small decline about 
1948, with little change in the past 10 yr. Per 
capita consumption of milk fat remained al- 
most constant through 1945, but has shown a 
small but steady decrease since then (10). 

Table 3 shows that, today, per capita con- 


sumption of milk fat is about 1.1 oz. of milk 
fat per person per day, equal to about 2.5 
tablespoons of butter per person per day. This 
is 5 lb. per person per year less than it was 
from 1925 to 1946. This milk fat has been re- 
placed by about 8 lb. or more of vegetable oils 
in the form of hydrogenated margarines and 
shortenings and salad and cooking oils (10, 22, 
23). 

How much influence have dietary recommen- 
dations to avoid milk fat had to do with this 
change of form of fat consumed? Who knows? 
One could assume very little if one considers 
that the major recommendation has been to re- 


TABLE 3 


Milk fat, solids-not-fat, and total milk solids 
Consumption per person, United States 


Pounds 





Milk Solids- Total milk 
Year fat not-fat solids 
1925-29 31.7 37.8 69.5 
1935-39 31.7 39.6 71.3 
1945 31.6 48.7 80.3 
1950 29.4 45.9 75.3 
1951 28.2 45.9 74.1 
1952 872 47.0 74.3 
1953 26.8 46.4 73.2 
1954 27.1 47.5 74.6 
1955 27.3 47.9 75.2 
1956 27.1 48.5 75.6 


1957 26.5 48.3 74.8 


duce total fat intake ... and the total fat pur- 
chased for family consumption increased from 
38% of the calories in 1936 to 44% in 1955 (4). 

One might expect the pattern of dairy foods 
consumption to have changed radically toward 
greater consumption of low-fat products. Cer- 
tainly, many of our dairy companies have 
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Fig. 1. Pounds of milk fat, solids-not-fat, and total solids consumed per person in the 
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watched sales of low-fat milks increase. But 
what of the country as a whole? 

Table 4 shows that since 1929, consumption 
of fluid milk has inereased from 126 to 142 qt. 


TABLE 4 
Consumption per person, United States 


Choco- Cot- 
Nonfat Butter- late tage 


Year Milk milk milk milk cheese 
(qt.) 

1925-29 126 8.1 23.0 1.1 
1935-39 123 ‘a | 21.9 1.2 1.5 
1940 123 7.4 20.7 1.9 
1945 156 6.4 19.1 3.0 
1946 150 6.3 18.5 2.9 
1947 142 6.2 18.7 26 
1948 137 5.9 17.9 2.9 
1949 138 5.7 17.6 3.4 3.2 
1950 136 5.5 17.2 3.7 3.5 
1951 139 5.2 16.5 3.8 3.9 
1952 141 5.3 16.6 3.9 4.0 
1953 140 5.3 16.5 3.9 4.2 
1954 140 5.3 16.5 39 +.4 
1955 142 5.4 16.4 4.3 4.5 
1956 143 5.4 16.3 4.5 5.1 

5.4 16.4 4.1 §.2 


1957 142 5. 


per person. There was an all-time high in 1945 
of 156 qt. per person, which declined by 1947 to 
142 qt., approximately today’s level of consump- 
tion (10). 

Consumption of fluid nonfat milk actually 
declined since 1925. The 1925 to 1929 year 
average was about 8 qt. per person. This de- 
clined by 1950 to a level of 5.5 qt. per person 
per year. National statistics indicate that per 
capita consumption of fluid nonfat milk has 
remained fairly stable since 1950. We have a 
similar picture for buttermilk, except that the 
consumption of buttermilk is about three times 
as great as the consumption of fluid nonfat 
milk. Consumption of chocolate milk has re- 
mained somewhat stable since 1950, too. Con- 
sumption of cottage cheese has shown a definite 
and regular trend toward increased consump- 
tion (10). 

This table does not reflect the increased avail- 
ability and consumption of the partially 
skimmed fluid low-fat milks. At the present 
time we have products on the market which vary 
from both whole and skimmed milks in butter- 
fat and nonfat milk solids content. With in- 
creasing interest in the fat intake of the diet, 
it may be desirable to mark bottle caps or carton 
containers with the actual level of nonfat milk 
solids and butterfat content of modified fluid 
milks. It is conceivable that we may, in the 
future, have an increased consumption of many 
of the specialty dairy foods. In the last few 
years, in answer to consumer demand created 
by medical recommendations, dry curd cottage 
cheese is being marketed through consumer out- 
lets. While it may have been available in some 
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markets in the past, it is only now that it has 
been generally available. 

Table 5 shows what has happened to con- 
sumption of fluid cream. In the United States, 
per capita consumption of cream has dropped 
to about a third the level that it was before 
World War IJ. Consumption has leveled off at 
about 47 tb. of fluid milk equivalent consumed 
as fluid cream per year for the last 5 yr. (10). 

The story is about the same with butter. The 
gratest decline in consumption of milk fat has 
been through decreased use of fluid cream and 
butter. At the present time, we are consuming 
less than half of the amount of butter people 
consumed 30 yr. ago. Consumption has leveled 
off between 8.5 and 9 |b. of butter per person 
per year in the United States (10). In view of 
all of the furor of an attempt to blame an in- 
creasingly high rate of heart disease in the 
United States on consumption of butter, these 
figures do not tally very well. 

The trends in consumption of cheese are 
toward a small but steady increase, with a lev- 
eling off of consumption at about 8 lb. of cheese 
per person per year (10). 

Consumption of ice cream only has increased 
considerably over that of 20 yr. ago. However, 
consumption has been pretty well leveled off 
since 1950, showing only small increases in con- 
sumption of ice cream per person per year. We 
have had an increase in consumption of related 
products. These have increased from about 3 
to about 5 qt. per person per year. These prod- 
ucts would include the low milk fat products, 
such as ice milks and milk sherbets (10). 

The inelusion of modified vegetable oils in 
imitation of ice milks and ice creams is worth 
noting here. The fat which has largely been 
used to replace milk fat in ice cream has been 
a partially hydrogenated coconut oil. These 
products have no recognized advantage over 
ice cream, if consideration is to be given with 
respect to the dietary recommendations reviewed 
here earlier. 

While dry whole milk consumption has in- 
creased fourfold since 1925, the consumption of 
nonfat dry milk, in pounds, is more significant. 
This has increased eightfold, leveling off in the 
last 3 yr. at about 5.5 lb. per person per year. 
Meanwhile, there has been a small but steady 
decline in the consumption of evaporated milk, 
with condensed milk holding fairly steady over 
the past 10 yr. or more (10). 


THE FUTURE 

We have reviewed what has happened during 
the past 25 yr. with respect to dairy foods con- 
sumption. Many factors have influenced these 
changes: nutrition education, economic, tech- 
nological and social progress. We ean antici- 
pate that many more changes will occur in the 
future. 

The crusading efforts to induce people to 
avoid milk fat in various dairy foods have been 
intensified in recent months. This is creating 
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TABLE 5 
Consumption per person, United States 


Ice cream 


Year Cream Butter 
(lb.) 

(milk equiv.) (lb.) 

1925-29 68 18.0 
1935-39 66 17.0 
1940 66 17.0 
1945 64 10.9 
1946 66 10.5 
1947 63 11.2 
1948 60 10.0 
1949 56 10.5 
1950 56 10.7 
1951 53 9.6 
1952 49 8.6 
1953 47 8.5 
1954 47 8.9 
1955 47 9.0 
1956 47 8.7 
1957 46 8.4 


a demand for low-fat products. It could seri- 
ously undermine the market for standard dairy 
foods. The extent to which it does will depend 
upon the interest and credulity of the public, 
and the extent to which they are exposed to 
counter recommendations. Even though they are 
much improved today, low-fat and fat-free 
products are not as palatable as those which 
contain milk fat. Therefore, any large con- 
sumer shift to such products may tend to re- 
duce dairy foods consumption as well as milk 
fat consumption, unless the products can be 
made highly palatable and the consumer be 
given assistance on how to use them to the best 
culinary advantage. 

The dairy industry is dependent upon the 
production of a natural foodstuff by a highly 
specialized farm animal. Through breeding and 
feeding techniques, it is possible to modify the 
quality and quantity of the product which the 
cow produces, within limitations. However, 
these changes do not always go just exactly the 
way some individuals might decide they would 
like to see them go. For instance, by breeding 
a dairy herd for high milk fat content, we simul- 
taneously breed them for a high nonfat milk 
solids content. By breeding them for a low 
milk fat content, we simultaneously breed them 
for a low nonfat milk solids content. It may be 
possible, by means of very careful selection, to 
breed for a better ratio of nonfat solids to milk 
fat. To what extent this can be done is not 
known at present. We do have evidence from 
some parts of the United States at the present 
time that our long-time trend toward breeding 
for volume production with a lower butterfat 
content is actually leading to a lower nonfat 
milk solids concentration. This has become a 
problem in some areas where, for the first time, 


Ice cream 


Ice cream 


and related Nonfat 





only products Cheese dry milk 
(qt.) (qt.) (lb.) (lb.) 
4.6 ey 
8.4 8.7 5.6 1.9 
9.7 10.3 6.0 2.2 
13.4 16.9 6.7 19 
6.7 3.3 
6.9 29 
6.9 3.3 
3 3.3 
14.6 16.8 yo 3.7 
14.8 17.4 7.2 4.2 
14.9 18.5 7.6 4.6 
15.0 19.2 7.5 4.1 
14.5 19.2 7.9 5.1 
15.0 20.0 19 5.5 
15.0 20.2 8.0 5.5 
14.9 19.8 7.8 5.5 


some milks are produced which are not meeting 
the legal minimum standard for concentration 
of nonfat milk solids (18). 

Regardless of the ultimate aims of our breed- 
ing and feeding, changes in the dairy industry 
do not come quickly ... nor can they ... nor 
should they. No food industry has been more 
carefully controlled as to the identification of 
its products than has the dairy industry. While 
there are many people who would like to explain 
this careful control as some kind of a fetish or 
monopoly of the dairy industry, actually the 
legislative control of milk production, handling, 
and marketing is for the consumer’s protection. 
Changes which are made with regard to the con- 
centration of nutrients or the modification of 
nutrients in dairy foods . or changes which 
might be made in legislative control over the 
products or their identification must be based 
on very sound ideas. If the dairy industry can 
serve the American public, its consumers, better 
by modification of products, then I am certain 
that the dairy industry should and will meet 
consumer demands. However, they should have 
a very good reason for making any changes 
that are effected. At the present time, we do 
not have a sound basis for further modifying 
our dairy foods with respect to their milk fat 
content. 

Just as we have no basis for modifying our 
dairy foods beyond the modifications that have 
already been made, we do not have any basis 
for changing our dietary recommendations. You 
have seen from the foregoing that there is no 
general agreement and no basis for general 
agreement regarding the desirable kinds and 
amounts of fat in our diet. This is the evalua- 
tion of the Food and Nutrition Board of the 
National Research Council. It is also the evalu- 
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ation of the American Heart Association, and 
the Council on Foods and Nutrition of the 
American Medical Association. 

The dairy industry and its representative Re- 
search, Education, and Public Relations agency, 
the National Dairy Council and its affiliated 
Dairy Council units, must be guided by group 
professional thought rather than individual pro- 
fessional thought. Therefore, we are guided by 
the recommendation of the Food and Nutrition 
Board of the National Research Council, the 
Council on Foods and Nutrition of the Ameri- 
ean Medical Association, the Agriculture Re- 
search Service of the U. S. Department of Agri- 
culture, the United States Public Health Serv- 
ice, the Federal Food and Drug Administra- 
tion, and other authoritative bodies, with re- 
spect to the kinds of dietary recommendations 
which we make to the American public directly 
and through protessional people. 

Reproduced here (Figure 2) is National Dairy 
Couneil’s new “Guide To Good Eating.” This 
is patterned generally after a daily food plan 
of the U. S. Department of Agriculture. It 
bears a statement of review and acceptance by 
the Council on Foods and Nutrition of the 
American Medical Association. 

At the present time, there is nothing in any 
of the materials from which we have quoted 
today which detracts one iota from the validity 
of the recommendations on the National Dairy 
Council’s “A Guide To Good Eating.” Like the 
Food and Nutrition Board of the National Re- 
search Council, this piece of material and all 
other materials developed by National Dairy 
Council are subject to revision as new knowl- 
edge accrues, permitting further progress which 
will permit and encourage the development of 
good food practices by the population of the 
United States and will allow for greatest divi- 
dends in health and in disease prevention. 
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ILY. 


3 TO 4 GLASSES MILK— CHILDREN 
4 OR MORE GLASSES — TEENAGERS 
2 OR MORE GLASSES — ADULTS 


CHEESE, ICE CREAM AND OTHER MILK-MADE 
FOODS CAN SUPPLY PART OF THE MILK 

















MEATS, FISH, POULTRY, EGGS, 
OR CHEESE — WITH DRY BEANS, 
PEAS, NUTS AS ALTERNATES 


~~ 4 OR MORE SERVINGS 


INCLUDE DARK GREEN OR 
YELLOW VEGETABLES; 
CITRUS FRUIT OR TOMATOES 


VEGETABLES 


ea AND FRUITS 


4 OR MORE SERVINGS 


ENRICHED OR WHOLE-GRAIN 
ADDED MILK IMPROVES 
NUTRITIONAL VALUES 


BREADS AND 
CEREALS 


The nutritional statements made on this chart have bees reviewed by 
the Council on Foods and Nutrition of the American Me tical Assaci- 
oteen and hound comestent with current authertatwe medical opeasan 








oe (OM A00 + 
Fig. 2. A guide to good eating. 
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NEW IDEAS IN EVAPORATORS AND DRYERS 


J. P. TeERRETT 
C. KE. Rogers Co., Detroit, Michigan 


This material on new ideas will be divided 
into three major categories. First, the neeces- 
sary foundation for present or future develop- 
ment. Seeondly, the five major subjects in- 
volved in development. And _ thirdly, some 
specific items of major subjects for evapo- 
rators and dryers. 

The foundation of development, particularly 
in the field of evaporation and drying, is the 
ability to predetermine and control certain 
conditions within the machines. If these con- 
ditions vary for any reason it is, in effect, 
changing the entire design of the equipment. 
These conditions are pressure within the first 
effect and the liquid level control in the evap- 
orator. 

In a dryer, these conditions are a given 
delivery of air in terms of pounds, a given 
heat release resulting in a precise air temper- 
ature, a specific static pressure within a dry- 
ing chamber, continuous product removal, and 
continuous operation of dust removal equip- 
ment. These conditions demand the use of 
instrumentation and automation to create an 
index from which to work. 

One of the greatest hindrances, from an 
engineering standpoint, is the reluctance to 
accept instrumentation and automation. This 
reluctance is in many cases well founded, due 
to preliminary efforts which have failed and 
which have caused damage to product and 
equipment. It is noteworthy to investigate 
the two most prominent reasons for failure. 
First, most automatic equipment depends 
either upon compressed air or upon electric 
current to actuate the controls. This we must 
consider the souree of power, which will be 
either a plant air supply or primary electrical 
system or, possibly, both. The greatest source 
of failure in air-operated instruments is water 
and oil in the air supply system, and the 
greatest source of failure in electrically oper- 
ated instruments is unstable voltage. In a 
vast majority of cases, either of these conditions 
can be corrected without major expenditure 
and should be on a preventive maintenance 
basis. 

When we consider other industries, such as 
metal spray plants, we realize that a minute 
amount of contamination in the air supply 
would virtually put this group out of business. 
This places the instrument problem as a basic 
plant engine-room fault, rather than an indi- 
vidual control problem. 

Electrically operated instruments follow the 
same pattern. In other words, do not tie into 
an overloaded system or a system susceptible 
to line surges with the very device you are 


depending upon to control the foundation of 
the operation. 

The second condition which has hampered 
instrumentation and automation has been the 
resistance of operators to admit that controls 
can do a better job of operating than can 
manual operation. 

The first problem undoubtedly can be ree- 
tified by an understanding of the problems 
by the engineering and maintenance personnel 
of the plant or company. The second problem 
is a little more complex and, we believe, must 
be sold by management to the entire operating 
personnel of the organization. 

It might appear that instrumentation and 
automation are suggested and designed for the 
sole purpose of eliminating labor. This, of 
course, is not true, since this type of control 
in the field of evaporation and drying is pri- 
marily to create a stable condition upon which 
better products and better production may be 
achieved, through research and development. 
It is true, however, that relatively few machines, 
manually controlled, give maximum produc- 
tion, minimum maintenance, and consistently 
better quality. 

Central development. Each group in the 
development field is harassed by the same 
question: Will the results compensate for the 
money and effort expended to achieve the 
project? This question alone places a few 
basie problems at the head of the list. These 
problems are: (1) A marked reduction in 
floor space required for the units. (2) Efforts 
to make the unit self-sufficient, so that addi- 
tional boilers or expensive heat transfer equip- 
ment is not necessary when a new installation 
is made. (3) Improvement in atomization. (4) 
Improved techniques in handling air and air 
filtration. And (5) greater versatility of the 
machine for new products by a wide variation 
in drying techniques. Of course, each of these 
basie subjects presents a host of minor items 
which are connected with them and, by the 
same reasoning, an over-all effort must be made 
to permit existing machinery to be adapted 
to new developments with a minimum of al- 
teration. Many of these problems sound 
familiar and probably have been dismissed 
as adequately solved. This is not the case. 
For instance, most new products depend on 
consistency in particle size, heat treatment, 
and texture. Without precise control of the 
basic product, new products are not likely to 
be successful. 

New products. New products depend more 
and more upon multistage processing tech- 
niques. Due to this, product research has 
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already dictated the approach we must take 
to the five major development problems. 

In discussing the basie problems outlined, 
it becomes self-evident that a new machine 
which is designed to fulfill those requirements 
must also be superior in operation, due to 
the fact that many new products will be more 
difficult to handle with respect to vapor separ- 
ation, heat treatment, and air filtration. New 
products seem remote in some respects, in 
relation to the drying operation in this par- 
ticular area. However, it is of interest to 
note that in certain parts of the United States 
specialty items make up a great percentage 
of the over-all drying operation. This fact 
is due to the population increase and the ever- 
rising cost of raw products. Many plants in 
these areas have found it impossible to com- 
pete with the Midwest market on nonfat 
powder. If these plants can survive this pre- 
dicament, it then becomes evident that many 
plants, regardless of the area, could take 
advantage of better profits during certain 
seasons of the year by producing a greater 
variety of dried products. 

Space requirements. With this upon 
which to work, we might point out that the 
problem of reducing floor space required, or 
to put it in terms of cubic space required for 
the housing of the units, has long been a 
goal. For example, 10 yr. ago a unit producing 
1,700 lb. of dried product per hour required 
32% more heat release. A reduction of ap- 
proximately 20% in the space required for 
the evaporator, and 26% reduction in space 
required for the dryer, have been achieved 
to date. 

Certain minimum requirements are inherent 
in the design of any unit and, for this reason, 
a radical change in thinking does accompany 
work projected along this line. A good ex- 
ample of one of the minimum requirements 
is the general rule that a powder particle must 
travel approximately 42 in., under normal 
drying conditions, before it is self-sufficient. 
Normal drying conditions mean an average 
temperature of 340° F. inlet air, and a total 
solids content of 43%. Self-sufficient means 
that a particle is dried to a point that it will 
not readily adhere to a metal surface. 

In an effort to make units self-sufficient, 
the direct gas-fired burner has probably been 
the most notable of all development work of 
recent years. These units have been quite 
successful, for the most part, and have been an 
economical step in the right direction. The 
gas burner requires less B.t.u. input to produce 
a given air temperature, by eliminating the 
heat losses in transfer at the boiler and heating 
coils. 

Atomization. In expressing an opinion on 
atomization and efforts toward improving it, 
we must recognize that it is one of the most 
highly controversial subjects and has had much 
research attention. This is not only true in 
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the food industry but also in many other in- 
dustries. Two methods of atomization which 
have not been particularly popular in the food 
industry are atomization by steam and atomiza- 
tion by air pressure. Both offer some very 
interesting results, and it seems certain that 
either, or perhaps both, will be used to a 
greater extent in the future. 

Air filtration. To improve methods in air 
handling and air filtration takes us back to 
the basie instrument problem for air being 
handled prior to the drying operation. As 
machines inerease in size and productivity, they 
require more air at higher velocity. This re- 
quirement usually dictates that the air will be 
taken from an outside source. To stabilize 
the process, temperature must be taken into 
consideration and result in modulating machin- 
ery to correct for the change in density of the 
inlet air. 

The stratification of hot air is another prob- 
lem in this eategory and may be approached 
from at least two directions: (1) By instru- 
ments, which would vary certain conditions 
within the unit. (2) By having the air-heating 
system broken into segments which may be 
adjusted independently. 

Air filtration is a highly controversial sub- 
ject, but becomes an important item as the 
speed of the unit increases. A wide range in 
density and sensitivity of the product can also 
be expected from the list of new products which 
will place additional demands upon the system. 
Total area can be kept within reasonable limits 
in filtration systems if good air purging and 
agitation can be effected with these systems. 
Current efforts along these lines would seem 
to indieate that a better job with less material 
can be accomplished. 

Versatility of the machine is, in some respects, 
of course, a result of the four items expressed 
in the foregoing. A number of products now 
being sold on the market require great moisture 
variation. For instance, powder being taken 
from the primary dryer can and does vary 
from 2% to as high as 18%. Obviously, these 
conditions dictate a wide range of drying 
temperatures, air velocity, and efficient con- 
veying equipment. 

In an effort to achieve the major subjects, 
a number of auxiliary items have been pro- 
duced, as well as many new operating tech- 
niques. Among these are the direct-injection 
steam heater and heating by steam absorption. 
These two should not be confused. Both heat 
the product by the direet contact of steam. The 
difference between the two is the fact that 
direct-injection steam heaters usually inject 
the steam under high velocity, and this velocity 
is used to help offset excessive back pressure. 
The other type heater is a vessel in which the 
product is submitted to a given steam pressure. 
Each type has its specific advantages and dis- 
advantages. However, the ability of either type 
to attain a temperature of 300°F. during con- 
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tinuous operation allows a number of relatively 
new processes to become a reality. The heaters 
also are compatible to evaporator operation 
and usually are located either ahead of the 
first effect as a secondary preheater or, in some 
instances, follow the product removal pump of 
the evaporator. It might appear that the ad- 
dition of steam injected into the product 
would do little more than add dilution. This 
condition is offset by additional flash created 
within the evaporator. The use of these units 
also permits shorter holding time prior to 
evaporation, and both have played an import- 
ant part in the production of aseptic products. 
Some criticism has been drawn toward this 
type of heating, due to contamination by direet 
contact with steam. It is well known that one 
of the greatest hazards is the use of “tannic” 
acid (or tannin) in boiler compounds. This 
should be kept in mind, of course, and elim- 
inated from any system using the heaters. One 
of the better safeguards for this system is a 
conductivity cell within the steam line, which 
will register the conductivity of the steam on 
a chart and, at the same time, if the condue- 
tivity rises above that of normal steam, auto- 
matically shut the system down. 

Another item in relation to evaporation is 
the restreaming of a triple-effect evaporator 
to control heat treatment, thus changing a 
normally high-heat evaporator into a_ typical 
low-heat operation. The evaporators themselves 
are also going through an evolution of com- 
bining nozzles, chests, separators, and so forth, 
to reduce space requirements and at the same 
time improve separation. It might also’ be 
mentioned that the falling film or downblast 
type evaporator is receiving more interest 
from the food industry. 

One item in connection with dryers which 
is relatively new is the fluid drive, high-pressure 
pump, requiring no circulation to modulate 
pressure. The unit also is adaptable for auto- 
matie temperature control of the dryer. This 
type of pump was produced primarily for 
products which can not tolerate recirculation. 
However, it is adaptable to nearly any type of 
drying operation. 
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Vibrating tray dryers have been revived 
and are used for many seeondary drying and 
cooling problems. One of their chief merits is 
to dry a given product in a given length of 
time, without serious mechanical damage to 
the product. By this ability, the correlation of 
time, temperature, and moisture can be ad- 
justed much more readily than in some of the 
other types of secondary drying equipment. 

Multistage drying seems to be more and 
more important, due to its ability to change 
the structure of a product by first shifting the 
lactose balance (in a milk product) and to 
produce a crystalline type produce under high 
moisture conditions in the primary drying 
equipment. When this conversion is aecom- 
plished, the powder is relatively free from 
stickiness at moistures as high as 18%. Of 
course, secondary drying plays a most impor- 
tant part in this type of operation. 

Obviously, the items mentioned here are but 
a token of development work in connection 
with evaporators and dryers within the recent 
past. There is very little new basic thinking in 
the development field. This is better illustrated 
by the fact that over 100 patents have been is- 
sued in connection with the two basic machines 
and which are in connection with food process- 
ing. Of course, this does not inelude the mul- 
titude of patents issued in connection with 
auxiliary equipment. Much of the information 
contained in the patents mentioned has been 
buried, for one reason or another. However, 
the basis for must future development already 
has been firmly established. With fixed condi- 
tions established within the evaporator and 
drver, development work will move ahead 
‘apidly, with a minimum of mechanical 
difficulty. 

It is reasonable to believe that, in the near 
future, a recording instrument will be located 
in the superintendent’s or manager’s office 
which will give him a look into nearly every 
process within his plant and will, in effect, 
bring into profitable service those items which 
have been held back, awaiting the right time. 
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THE 54TH ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 
JUNE 15-17, 1959 


IH. F. Jupkrins, Secretary-Treasurer 


The 54th Annual Meeting of the American 
Dairy Science Association at the University of 
Illinois, June 15-17, 1959, was one of the larg- 
est ever held. No general session was held this 
year to open the meetings; instead, the section 
programs started on Monday morning, June 15. 

The annual Past Presidents’ meeting and din- 
ner was held from 4:30 to 6:30 p.m., June 15, 
attended by 18 Past Presidents and members of 
the Board of Directors. A discussion was pro- 


vrammed on Suggested Courses of Action for 


the Board of Directors of the American Dairy 
Science Association, which will (a) Attract and 
hold the interest of more members from in- 
dustry. An analysis of membership, past, pres- 
ent, and future—by H. F. Judkins; (b) In- 
crease the percentage of papers in the JOURNAL 
oF Dairy SCIENCE on processing and manage- 
ment problems. A discussion by P. H. Tracy; 
(¢) Coordinate more closely the research pro- 
evrams in colleges with industrial needs. A 
talk by KE. H. Parfitt. 

The General Session, devoted to Association 
affairs, was held Tuesday, June 16, President 
Turk presiding. It was emphasized that the 
American Dairy Science Association was founded 
at the University of Illinois in 1906, Dr, Turk 
showed a slide of the 17 charter members who 
were present at this meeting. The three living 
charter members are Dr. E. S. Guthrie of Ithaca, 
New York, Dr. O. F. Hunziker of LaGrange, 
Illinois, and Dr. C. C. Hayden of Monroe, Vir- 
ginia. The letter two are in ili health, but Dr. 
Guthrie was present and occupied a seat of 
honor on the platform. 

The formation of the Association in 1906 was 
initiated by Professor W. J. Fraser, at that 
time Head of the Dairy Husbandry Department 
at the University of Illinois. Mrs. Fraser still 
lives in Urbana. She oceupied a seat of honor 
on the platform and was presented to- the mem- 
bership. In response to the receipt of some 
flowers which were sent to her, the following 
letter was received : 


With deep appreciation I aecept your gift 
of those lovely roses as a beautiful and won- 
derful tribute to my husband. 

It was such an honor and inspiration to be 
in your midst and | consider it one of my 
most treasured experiences. 

Who could dream what a tremendous force 
would grow from the banding together of that 


little group of seventeen? And the end is not 
vet. It is said “Without a vision the people 
perish.” Who can deny that this little group 
had it? I bhespeak for you greater and 
greater expansion as the years go on. My 
interest and good wishes are always with you. 
I cannot adequately express my _ heartfelt 
gratitude and appreciation for all that the 
gift of those lovely roses means to me. 


Sincerely, 
Mrs. WILBER FRASER 





Mrs. Wilbur J. Fraser, wife of the late Wilbur 
J. Fraser, distinguished Professor of Dairy Hus- 
bandry at the University of Illinois and prominent 
founder of the American Dairy Science Association. 

Dr. E. S. Guthrie, distinguished Professor Emer- 
itus of Dairy Industry at Cornell University, and 
one of the three living charter members of the 
Association. 


Dr. G. W. Salisbury, head of the Department 
of Dairy Science, introduced Dr. David D. 
Henry, President of the University of Illinois, 
who welcomed the Association membership to 
the University. 


Remarks of Welcome by 
President David D. Henry 


It is a great personal pleasure to meet and 
greet the American Dairy Science Association. 
The planning for this meeting has gone on for 
over four years. We hope the consummation 
of the planning will justify every detail. 

As vou know, from repetition, the University 
of Illinois is proud of its association with the 
American Dairy Seience Association, of the 
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fact that the founding was on this campus in 
1906, and of the leadership of charter mem- 
bers, and others through the years. That pride 
in association stems from our appreciation of 
Dairy Science in our University as a field of 
study, and of Dairy Science as in Industry. 
The University of Illinois is a center for im- 
proved production, discovery and education. 

Our interest in the Association goes beyond 
these reflections of ourselves. The American 
Dairy Science Association brings together edu- 
cation, research interests, and industry. This 
interdependence is obvious but not recognized 
frequently enough. 

In meeting on land-grant campuses, you ap- 
propriately relate these institutions to your in- 
dustry. Industries dependent upon the prod- 
ucts of land-grant colleges do not often enough 
acknowledge this dependence, or as much as 
might be expected show interest in investment 
in the future, in gifts, or in aggressive support 
for the future. 

Unless the University supply line keeps pace 
with the developments in the economic life of 
the State, the ultimate growth in the economy 
will be less than anticipated. The University is 
at the heart of the supply of trained personnel, 
of specialists for management and operation, 
and of research for the advancement of basic 
knowledge and the application of that knowl- 
edge through new processes and new procedures. 

It is a great problem in a growing and pros- 
perous state to have the public understand the 
relationship between education and prosperous 
growth. We can not have the one without the 
other. There can not be an increase in income, 
or an increase in the capital structure of busi- 
ness, unless these increases are accompanied by 
an inerease in the cost of government activities 
which are related to that growth. New govern- 
ment revenue must be seen as a natural part 
of the growth of the economic structure itself. 

In the fall of 1961 will begin the centennial 
vear of the Land Grant Act. There will be 
appropriate observances. 

The Land Grant Institution maintains its tra- 
ditional role of service to agriculture, but the 
spirit of the original enterprise now extends to 
all of American life, and to all of the disciplines. 
Occasionally, a voice in agriculture regrets this. 
Most do not, as the interdependence of modern 
life is recognized. 

The spirit of the land-grant institution is still 
a dominant note in higher education: wide in- 
quiry without provincialism, a concern with 
the general welfare without regionalism, and 
adaptability without parochialism or restraint 
from the traditional. 

All Land Grant institutions welcome your in- 
terest and support. 

Perhaps I should have used my time to talk 
about the University of Illinois, the three cam- 
puses, new programs, and new challenges. We 
assume you will be indoctrinated more subtly. 
We hope vou will like what you see. We thank 
vou for the inspiration of your being here. 
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In traditional and in scholarly fashion, Dr. 
K. L. Turk presented the annual Presidential 
report to the Association membership. 


PRESIDENTIAL REPORT 
K. L. Turk 
Department of Animal Husbandry, 
Cornell University, Ithaca, New York 





President K. L. Turk. 


President Henry, on behalf of the members 
and ofticers of the American Dairy Science As- 
sociation I express to you our sincere thanks 
for your invitation to meet on your fine campus. 
We appreciate the excellent cooperation given 
us by Professor Salisbury and all other mem- 
bers of the Illinois staff. Plans were carefully 
made; nothing has been left undone. We know 
and appreciate the amount of time and labor 
the host institution puts into an annual meeting 
like this one. It will go down in history as our 
largest meeting to date and also one of the most 
successful. This has been a pleasant and profit- 
able experience for all of us. 

It is traditional for the President of the 
American Dairy Seience Association to give a 
“Presidential Address.” Last year, however, 
President Josephson preferred to designate his 
address as a “Report to the Association.” Since 
this comes during our annual business session, 
I shall follow Past-President Josephson’s ex- 
ample. 

The success or failure of organizations like 
A.D.S.A. depends largely upon the membership. 
We are too large a group to be administered 
completely by the officers and Board of Diree- 
tors. Over the years, therefore, an effective com- 
mittee organization has been developed, not only 
in the main body of the organization, but in 
ach of the three main sections. 

We have a total of more than 200 members 
serving our Association on the many standing 
and special committees. I want to thank all of 
them for their conscientious efforts toward the 
betterment of our Association. 
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Special mention should be made of the ex- 
cellent work and unselfish devotion of our See- 
retary-Treasurer, Dr. H. F. Judkins. In his 
position, he is a key person who really makes 
our Association move. No one is more appre- 
ciative of this than your President. 

A definite attempt has been made this year to 
create more interest and participation in the 
Association by our members from industry. 
Almost one-fourth of the membership of all of 
our committees comprises persons working in 
in the industries and in dairy organizations. 
Your president-elect, Dr. A. C. Fay, is keenly 
interested in ways and means of bringing about 
more participation in the affairs of our Asso- 
ciation by industry members. 

Your officers and directors and members of 
committees devote much time and energy to 
the functioning processes of this Association. 
Our constant goals are a Journal that is as use- 
ful as possible; annual meetings that are at- 
tractive and valuable for all segments of our 
membership; and the active interest and partici- 
pation of our members—those in industry, 
along with those from the academic fields. 

Now, a few brief comments on the work of 
some of the committees : 


PROGRAM. Your program committees for 
many years have given careful thought and at- 
tention and many hours of labor to our annual 
meeting programs. The committee this year, 
under the able leadership of Dr. Fred J. Babel 
of Purdue, has done a fine job, and I know you 
will agree. The committee meets in the fall in 
Chicago and spends a couple of days making 
out the general program. Much time is spent 
in discussing ways and means of maintaining 
and improving the quality of our scientific pre- 
sentations. If improvement is needed in our 
papers, it must be brought about by you; if 
papers are to be screened more rigidly, it must 
be done in the departments or laboratories from 
which they come. I am confident that if all of 
us give more consideration to the quality of our 
papers and abstracts, it will result in more use- 
ful and valuable meetings of our Association. 

ASSOCIATION POLICY. A new standing 
committee, known as the Association Policy 
Committee, was established by the Executive 
3oard and approved by the membership in 1957. 
Under the able chairmanship of Past-President 
Walter V. Price of Wisconsin, this committee, 
composed largely of senior citizens, is con- 
tributing much to our long-range policy mat- 
ters. In addition, it considers specific policy 
questions that may be referred to it by the 
Executive Board. 

As the last item on our agenda this morning, 
Dr. Price will present suggestions concerning 
the future of our Association. We know this 
will stimulate much thought, and, we hope, com- 
ments from you. 

STUDENT AFFILIATE. Our future mem- 
bership will come largely from undergraduate 
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and graduate students in colleges and univer- 
sities. One of our most significant committees, 
therefore, is that of Student Affiliate, under the 
chairmanship of Professor W. W. Snyder of 
Michigan State University. 

A new feature this year is a $100 cash award 
given by the Association for the outstanding 
student aftihate chapter. We now have 41 chap- 
ters at our colleges and universities, with a total 
membership of more than 700. You may want 
to look over the scrapbook at registration head- 
quarters. Another innovation is the graduate 
student scientfic presentation award of $100. 
This program is being conducted in the produe- 
tion section on a trial basis this year. We hope 
it will become a regular award both in the pro- 
duction and in the manufacturing sections. 

MEMBERSHIP. Under the chairmanship of 
J. B. Frye, Jr., of Louisiana State University, 
this committee has done another fine job. The 
goal of 2,500 members has been exceeded. We 
still have the perennial problem involving those 
persons who fail to renew their memberships 
before January 1 of each year. This creates a 
tremendous load for our Seeretary-Treasurer. 
We are happy to get many new members each 
year, but we are always sorry to lose members. 

PUBLIC HEALTH. This relatively new 
committee under the able leadership of Dr. L. A. 
Black has been very active in timely studies 
of problems relating to public health. For ex- 
ample, reports on Milk Regulations, Dairy 
Feeds and Drug Additives, and 3-A Sanitary 
Standards were published in the April, 1959, 
JOURNAL oF Dairy Science. Other reports, 
recently referred to the Executive Board for 
review, deal with Radiation, Foreign Substances 
in Milk and Milk Products, Antibiotics, and 
Some Current Aspects of Animal Disease 
Control. 

It is exceedingly important that steps be 
taken to provide better and more accurate pub- 
lie understanding regarding the oceurrence and 
significance of strontium®®, pesticide and anti- 
biotic residues, and food additives. The oceur- 
rence of strontium®? is not a problem peculiar 
to milk, and much harm can be done to our in- 
dustry through misinterpretation by the public 
press. This is an area in which much research 
is needed, to develop new knowledge and facts 
for the best interests of public health and for 
the dairy industry. 

EDUCATION. Last year, the special Com- 
mittee on Education became a standing commit- 
tee of the Association. Under the chairmanship 
of Professor J. T. Lazar, Jr., of Clemson Col- 
lege, this committee planned and conducted an 
excellent panel discussion yesterday concerning 
enrollment problems in dairy science. 

We agree wholeheartedly with the recom- 
mendation of this committee that education is 
important enough to have the attention of a 
majority of the members of the Association. 
Our job of educating and training young people 
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for the dairy industry must have strong interest 
and support from the dairy industry, from 
other related fields, from dairy extension, from 
research laboratories, and from dairy farmers. 
At the same time, those of us in the colleges 
must always assume our full responsibilities to 
provide high-quality education in dairy science. 

A special committee of the Association has 
been working long and diligently on the prepa- 
ration of a Dairy Industry Plant Training Man- 
ual, and I take this opportunity to thank 
Professor H. B. Henderson and his committee 
for completing their task. A final draft was 
submitted to the Secretary on April 16 for de- 
livery to the printer. Favorable comments on 
this manual have been received. We hope it 
will be used extensively by the industry and that 
it will prove beneficial to college graduates in 
dairy technology. 

JOURNAL OF DAIRY SCIENCE and 
JOURNAL MANAGEMENT. Our Journal 
continues to grow under the expert editorship 
of Dr. E. O. Herreid. This is a time-consuming 
and trying job, and we are all grateful to him. 
Exeellent progress has been made in getting 
publication and delivery of the Journal moved 
up to more satisfactory dates. For this cooper- 
ation, we are grateful to the Garrard Press. 
Special mention also should be made here of 
the Journal Management Committee under the 
chairmanship of Dr. D. H. Jacobsen of Chicago. 
Since January 1 of this year, you have been re- 
ceiving Dairy Science Abstracts under the 
terms of our arrangement with the Common- 
wealth Agricultural Bureau in England. These 
abstracts should prove popular with our mem- 
bership. 


Let’s turn now to some of the challenges that 
face us. 

Tremendous changes have taken place in the 
progresive development of the dairy industry to 
its present place of importance. We are proud 
of the important role the American Dairy Sci- 
ence Association has played in this progress 
through education, including both resident 
teaching and extension, and through basie and 
applied research provided by its active members. 

Without the scientifie contributions of chem- 
ists, biochemists, physicists, bacteriologists, 
physiologists, nutritionists, dairy technologists, 
geneticists, and dairy husbandmen, it would not 
be possible for modern dairying to exist in its 
present form. Modern dairying is an industry 
based on scientific discoveries and inventions. 
If it is to continue to move forward suecess- 
fully, our industry must depend upon higher- 
quality education, well-trained scientists and 
teachers, improved public relations, and contin- 
uous fundamental research. 

Rapid changes and adjustments continue to 
take place on the nation’s dairy farms. The 
number of farms is decreasing at a rate of 
about 49% per year; farms are increasing in 


size with more cows per farm and are becom- 
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ing more highly mechanized and more special- 
ized; milk production per cow continues to rise; 
and output per man has more than doubled. 
Will there be a leveling-out point on some of 
these changes? If so, when? 

One thing is sure. We will continue to have 
change and adjustment. We will have fewer 
farmers, but of necessity they must be better 
farmers. They must be more highly edueated 
and more skilled, with the ability to apply the 
results of research and modern technology. As 
Charles Dickens once said: “The best acreage 
for a farmer to cultivate lies within the ring 
fenee of his skull.” 

We have heen greatly concerned about de- 
creasing enrollments in agriculture in our col- 
leges, especially in dairy industry and technol- 
ogy. If this trend isn’t reversed soon, will we 
have enough educated and trained persons to as- 
sume positions of leadership in our industry? 

I should like to make a special plea that all 
of us in the educational field take a renewed 
and vital interest in our teaching responsibili- 
ties. Let’s give teaching more emphasis in our 
graduate schools. Great teachers are needed to 
attract and inspire good students. 

I particularly liked Dr. C. F. Huffman’s dis- 
cussion of education in his presidential address 
in 1957 at Oklahoma State University: “Most of 
us have had the experience of finding subject 
matter come alive because of the presence of a 
great teacher. The influence of the teacher is 
not necessarily determined by his subject mat- 
ter, but by his skillful handling of it. What we 
need in our colleges and universities are teach- 
ers of professional and specialized subjects who 
see their subject matter in relation to the whole 
field of modern learning and modern civiliza- 
tion. We need teachers who see their subject 
matter not only as a means for developing tech- 
niques and skill, vitally important as they are, 
but also as a means for opening vistas which 
will challenge and inspire the students’ imagina- 
tions.” 

Let’s reward good teaching in our colleges 
and universities. Outstanding teaching needs 
to be given more consideration in promotions 
and professional advancement. The idea is all 
too prevalent that the only way to obtain pro- 
fessional advancement is through published 
papers. 

Science education has been given a tremen- 
dous boost in recent years. This is excellent and 
most timely. In our enthusiasm for basie scei- 
ences, however, let’s not forget a liberal educa- 
tion—a fundamental education, including the 
humanities. 

And in dairying, I hope we won’t forget that 
our enormous industry hinges on the dairy cow. 
Too often it is difficult to find a prospective 
staff member who is willing to teach dairy hus- 
bandry or to conduct research with dairy cows. 

I make this plea for better teaching because | 
feel that teaching has been neglected far too 
long. Have we tended to overlook the fact that 
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the foremost function of a college or university 
is to teach students? Too many Of us in college 
work simply take our teaching for granted. 
[ am condent that if more of us would devote 
the same time and effort and sincere interest to 
teaching that we give to research, we would at- 
tract more students to dairying. 

At the same time, I hope you will not feel that 
I underestimate the importance of basic and ap- 
plied research. In this rapidly changing era, 
rese_rch is essential for survival. Our future 
depends upon keeping dairy science dynamic 
and on the move. We must constantly make 
strides in more efficient advancement in all 
areas of dairy science, including production, 
manufacturing, and marketing. 

Dairying is now suffering a major blow from 
several angles, which affects the consumption 
of our products. We have a calorie-conscious 
consuming public. With the antifat propa- 
ganda, resistance to animal fats continues. There 
is much talk—some of it without sufficient sci- 
entific basis—of relationships of animal fats, in- 
cluding milk fat containing cholesterol, to ar- 
teriosclerosis. Newspapers have been quick to 
publish articles on the dangers of strontium®®, 
pesticide residues, and antibiotics in milk. Some 
recent news items have reported opposition to 
the use of dairy products for elderly persons. 

These problems point up the job we have in 
public education with milk producers and han- 
dlers, as well as the consumer. Likewise, they 
focus the need for increased basie research in 
these areas. As Thomas A. Edison once said, 
“Nothing runs by itself except downhill.” We 
may have an uphill struggle, but we are equal 
to it. 

We all reeognize the achievements of the 
(merican Dairy Association in publicizing the 
importanee of milk and dairy products and the 
profound influence this program is having on 
our industry. But we must assume our respon- 
sibilities in marketing, too. 

“Nothing in edueation is so astonishing as the 
amount of ignorance it accumulates in the form 
of inert facts.” This quotation from the Edu- 
cation of Henry Adams emphasizes the need for 
the scientist to interpret his results and make 
them available to people who are in a position 
to use them. The job of the researcher is not 
finished until the results of his fertile brain are 
put to work for the good of mankind. 

I am confident we will use our scientifie ae- 
complishments and trained manpower to the 
fullest extent to build a bigger and more impor- 
tant dairy industry in the future. We can not 
miss if we hitch our star to improved education 
and training methods, dynamic extension educa- 
tion and public relations, fundamental and ap- 
plied research, and thorough cooperative efforts 
among all facets of the dairy industry. 

Thank you for the honor and privilege you 
have given me as your President this year. The 
time has passed too quickly for the acecomplish- 
ment of all that we had hoped. Ours is a dy- 
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namie Association and there always will be con- 
structive work for future committees, Execu- 
tive Boards, and Presidents. We look forward 
to many challenging years ahead. 


AWARDS PROGRAM 


The Awards Program and the installation of 
officers was held on the evening of June 16 in 
the University Auditorium. This was a very 
distinguished affair and the feature event of 
the annual meeting. Professor Stephen Farish, 
baritone, accompanied by his wife, Anna, enter- 
tained with selections from popular musical 
shows. Dr. Paul H. Traey of the Department 
of Food Technology presided over the enter- 
tainment part of the program. President ‘K. L. 
Turk presided over the awards ceremonies 
which consisted of citing and presenting the 
honored members for their individual awards. 


Citation by Dr. G. M. Trout for the 
Recipient of The American Dairy Science 
Association Teaching Award in Dairy 
Manufacturing for 1959 


The Executive Board, American Dairy Sci- 
ence Association, in session June, 1954, ap- 
proved the Teaching Award Committee’s report. 
This report provided for special recognition to 
outstanding teachers in dairy science. Since 
then an award of $1,000 and a plaque have 
been presented each year to outstanding dairy 
science teachers. These awards alternate yearly 
between the field of dairy manufacturing and 
that of dairy production. 

The teacher selected this year for special ree- 
ognition by the American Dairy Science Asso- 
ciation has achieved an enviable teaching record 
in dairy manufacturing, not only in the college 
classroom but in conferences throughout the 
state, nation, and foreign countries, as well. De- 
spite the passing of time, he has continued to 
expound dairy science with the conviction and 





Mr. C. V. Christensen, representing the Milk In- 
dustry Foundation, presenting the American Dairy 
Science Association Teaching Award to Dr. H. A. 
Bendixen, with Dr. G. M. Trout, who read the 
citation. 





1418 JOURNAL OF 





Dr. H. A. Bendixen 


enthusiasm of an evangelist. Seores of former 
students now in responsible positions through- 
out the United States attest his efficacy as a 
teacher. 

His former dean, after many years of obser- 
vation, describes him as a born teacher. He 
stated further, 


“His courses were well organized and his 
teaching was very methodical and exact. He 
expected and secured from his students com- 
plete compliance and exactness. No compli- 
mentary marks or grades were given. The 
student received just exactly what he earned. 
While some complained at times, they re- 
spected him for his firmness and justice.” 


Briefly summarized, the candidate has been a 
painstaking teacher, a strict taskmaster, a con- 
fiding counsellor, and a friend of every student 
on whom his book was never closed. In addi- 
tion, he has achieved distinction as a student 
employment agent, a repeatedly winning dairy 
produets-judging team coach, a dairy manutfac- 
turing conference and dairy products-clinic or- 
ganizer, a dairy conference lecturer, a prolific 
writer, a constantly sought dairy industry con- 
sultant, and a liaison agent between education 
and the dairy industry. 

The Teaching Award selectee for 1959 was 
edueated both in Europe and America. Born 
in Hamburg, Germany, March 6, 1894, he emi- 
grated to America of his own volition in 1912. 
He attended the College of Commerce, Water- 
loo, lowa, 1913-1914. Working his way through 
lowa State College, he graduated, 1919, magna 
cum laude, with the B.S. degree in dairy indus- 
try. From the same institution he received the 
M.S. and Ph.D. degrees in dairy bacteriology in 
1927 and in 1937, respectively. From 1920 to 
1927 he was assistant professor and associate 
professor at the University of Idaho and associ- 
ate professor and professor at State College of 
Washington from 1927 to the present. Not only 
has he been honored by membership in the honor 
societies of Sigma Xi, Phi Kappa Phi (of which 
he is now president), Gamma Sigma Delta, and 
Sigma Delta Chi, but repeatedly in a big way he 
has been honored by his former students and the 
dairy industry of the state he has served so well. 
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The American Dairy Science Association 
wishes to honor this evening with the teaching 
award in dairy manufacturers one of its tire- 
less workers and outstanding leaders, a past 
president of the Association—Hans Adolf Ben- 
dixen. 

President Turk, on behalf of the Teaching 
Award Committee of the American Dairy Sci- 
ence Association, we are pleased to present to 
you Dr. Hans Adolf Bendixen, Professor, 
Washington State College, who has been selected 
to receive the Teaching Award for 1959. 


Citation by Professor W. R. Van Sant for 
the Recipient of the DeLaval Extension 
Award for 1959 


The man selected to receive the 1959 DeLaval 
Extension Award was born 54 years ago in Chi- 
cago, Illinois. He began his college training in 
1926 by attending Pennsylvania State College 
for two years. He transferred to Cornell Uni- 
versity and received his Bachelor of Science de- 
gree in 1930, graduating second in his class. 
The following year he was an assistant in Dairy 
Husbandry at Cornell University and completed 
the work for his Master of Science degree. 

After receiving his Master of Science de- 
gree, he started farming on his own; first, on 
the home farm and later on the farm he and his 
wife purchased. He is now the Extension Proj- 
ect Leader of Dairy and Animal Husbandry at 
the same institution where he began his Exten- 
sion career in 1937, 

His training and personal interests in breed- 
ing dairy cattle qualified him for leadership in 
the extension dairy breeding program. His ex- 
perience while farming, and as president of the 
first artifiicial breeding association in the state, 
were of great benefit to him in planning and 
working out the artificial insemination program. 
He has been an outstanding leader in develop- 
ing training schools for artificial breeding tech- 
nicians. He assisted in the organizaton of the 
National Association of Artificial Breeding Co- 
operatives. 

In addition to the leadership that he has given 
to several projects in dairy cattle breeding, he 
has participated in all phases of Dairy Exten- 
sion. He regularly conducts feeding and feed 
production schools and health meetings and 
gives active supervision to Dairy Herd Improve- 
ment Associations. 

He is a member of the American Dairy Sei- 
ence Association and has served on, and has 
been chairman of, the breeding, breed relations, 
and type committees. He has been secretary, 
vice-chairman, and chairman of the Extension 
Section. He is also a member of Epsilon Sigma 
Phi and the Holstein-Friesian Association of 
America. In 1955, he was awarded the Superior 
Service Award by the Secretary of Agriculture 
for outstanding work with the dairymen of his 
state. 








ao 








OUR ASSOCIATION 





Ray Albrectsen 


This man is an unusually well-balanced Ex- 
tension Specialist and is respected by his co- 
workers, county agents, and dairymen. His clear 
and forceful presentation of subject matter has 
created a demand for his services throughout 
the country. 

On behalf of the DeLaval Extension Award 
Committee of the American Dairy Science Asso- 
ciation, I am honored to present Professor Ray- 
mond Albreetsen, New York State College of 
Agriculture, Cornell University, and Extension 
Project Leader of Dairy and Animal Hus- 
bandry, to receive the DeLaval Extension Dairy- 
man Award. 





Mr. W. A. McGill of the DeLaval Company pre- 
senting the DeLaval Extension Dairyman Award 
to Professor Ray Albrectsen, with Professor W. R. 
Van Sant, who read the citation. 


Citation by Mr. R. E. Ward for the 
Recipient of the American Feed 
Manufacturers Award for 1959 


The American Feed Manufacturers’ Award is 
donated by the sponsor and presented each year 
to encourage research in dairy cattle nutrition. 
The man selected for the 1959 Award was 
judged by a committee of the Association to 
have made the most significant contributions to 
dairy cattle nutrition during the past 3-yr. 
period. 
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During this time, the recipient has been senior 
author of seven journal articles and coauthor 
of four. He was author of six published ab- 
stracts and coauthor of four. Among his many 
contributions, the most noteworthy are his 
studies on calcium and phosphorus metabolism 
in cattle fed large doses of vitamin D for the 
prevention of milk fever, and his studies on 
early rumen function of the calf and the high 
roughage system of calf feeding. He has given 
special attention to rumen function and has 
used P*-tagged erythrocytes in measuring gas- 
trosplenie blood flow and volatile fatty acid 
absorption from the rumen. Other research he 
has done ineludes protein metabolism in the 
dairy cow, bloat, occurrence and alleviation of 
anemia in calves, and goitrogenie activity of 
legume silages. These are truly notable contri- 
butions in this short time. 









we 7 
Dr. Harry R. Conrad 


The recipient was born on a farm near Bur- 
lington, Kentueky, on October 3, 1925. He 
attended his state university, where in 1948 he 
was the outstanding male graduate and received 
the Sullivan Medallion in recognition of his 
attainment. 


Mr. R. E. Ward presenting the American Feed 
Manufacturers Award to Dr. Harry Russell Con- 
rad, with Dr. J. K. Loosli who read the citation. 
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Dr. H. A. Bendixen 


enthusiasm of an evangelist. Scores of former 
students now in responsible positions through- 
out the United States attest his efficacy as a 
teacher. 

His former dean, after many years of obser- 
vation, describes him as a born teacher. He 
stated further, 


“His courses were well organized and his 
teaching was very methodical and exact. He 
expected and secured from his students com- 
plete compliance and exactness. No compli- 
mentary marks or grades were given. The 
student received just exactly what he earned. 
While some complained at times, they re- 
spected him for his firmness and justice.” 


Briefly summarized, the candidate has been a 
painstaking teacher, a strict taskmaster, a con- 
fiding counsellor, and a friend of every student 
on whom his book was never closed. In addi- 
tion, he has achieved distinction as a student 
employment agent, a repeatedly winning dairy 
products-judging team coach, a dairy manutac- 
turing conference and dairy products-clini¢ or- 
vanizer, a dairy conference lecturer, a prolific 
writer, a constantly sought dairy industry con- 
sultant, and a liaison agent between education 
and the dairy industry. 

The Teaching Award selectee for 1959 was 
educated both in Europe and America. Born 
in Hamburg, Germany, March 6, 1894, he emi- 
grated to America of his own volition in 1912. 
He attended the College of Commerce, Water- 
loo, Lowa, 1913-1914. Working his way through 
lowa State College, he graduated, 1919, magna 
cum laude, with the B.S. degree in dairy indus- 
try. From the same institution he received the 
M.S. and Ph.D. degrees in dairy bacteriology in 
1927 and in 1937, respectively. From 1920 to 
1927 he was assistant professor and associate 
professor at the University of Idaho and associ- 
ate professor and professor at State College of 
Washington from 1927 to the present. Not only 
has he been honored by membership in the honor 
societies of Sigma Xi, Phi Kappa Phi (of which 
he is now president), Gamma Sigma Delta, and 
Sigma Delta Chi, but repeatedly in a big way he 
has been honored by his former students and the 
dairy industry of the state he has served so well. 
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The American Dairy Science Association 
wishes to honor this evening with the teaching 
award in dairy manufacturers one of its tire- 
less workers and outstanding leaders, a past 
president of the Association—Hans Adoif Ben- 
dixen. 

President Turk, on behalf of the Teaching 
Award Committee of the American Dairy Sei- 
ence Association, we are pleased to present to 
you Dr. Hans Adolf Bendixen, Professor, 
Washington State College, who has been selected 
to receive the Teaching Award for 1959. 


Citation by Professor W. R. Van Sant for 
the Recipient of the DeLaval Extension 
Award for 1959 


The man selected to receive the 1959 DeLaval 
Extension Award was born 54 years ago in Chi- 
cago, Illinois. He began his college training in 
1926 by attending Pennsylvania State College 
for two years. He transferred to Cornell Uni- 
versity and received his Bachelor of Science de- 
gree in 1930, graduating second in his class. 
The following year he was an assistant in Dairy 
Husbandry at Cornell University and completed 
the work for his Master of Science degree. 

After receiving his Master of Science de- 
gree, he started farming on his own; first, on 
the home farm and later on the farm he and his 
wife purchased. He is now the Extension Proj- 
ect Leader of Dairy and Animal Husbandry at 
the same institution where he began his Exten- 
sion career in 1937. 

His training and personal interests in breed- 
ing dairy cattle qualified him for leadership in 
the extension dairy breeding program. His ex- 
perience while farming, and as president of the 
first artifiicial breeding association in the state, 
were of great benefit to him in planning and 
working out the artificial insemination program. 
He has been an outstanding leader in develop- 
ing training schools for artificial breeding tech- 
nicians. He assisted in the organizaton of the 
National Association of Artificial Breeding Co- 
operatives. 

In addition to the leadership that he has given 
to several projects in dairy cattle breeding, he 
has participated in all phases of Dairy Exten- 
sion. He regularly conducts feeding and feed 
production schools and health meetings and 
gives active supervision to Dairy Herd Improve- 
ment Associations. 

He is a member of the American Dairy Sei- 
ence Association and has served on, and has 
been chairman of, the breeding, breed relations, 
and type committees. He has been secretary, 
vice-chairman, and chairman of the Extension 
Section. He is also a member of Epsilon Sigma 
Phi and the Holstein-Friesian Association of 
America. In 1955, he was awarded the Superior 
Service Award by the Secretary of Agriculture 
for outstanding work with the dairymen of his 
state. 
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Ray Albrectsen 


This man is an unusually well-balanced Ex- 
tension Specialist and is respected by his co- 
workers, county agents, and dairymen. His clear 
and forceful presentation of subject matter has 
created a demand for his services throughout 
the country. 

On behalf of the DeLaval Extension Award 
Committee of the American Dairy Science Asso- 
ciation, I am honored to present Professor Ray- 
mond Albrectsen, New York State College of 
Agriculture, Cornell University, and Extension 
Project Leader of Dairy and Animal Hus- 
bandry, to receive the DeLaval Extension Dairy- 
man Award. 





Mr. W. A. McGill of the DeLaval Company pre- 
senting the DeLaval Extension Dairyman Award 
to Professor Ray Albrectsen, with Professor W. R. 
Van Sant, who read the citation. 


Citation by Mr. R. E. Ward for the 
Recipient of the American Feed 
Manufacturers Award for 1959 


The American Feed Manufacturers’ Award is 
donated by the sponsor and presented each year 
to encourage research in dairy cattle nutrition. 
The man selected for the 1959 Award was 
judged by a committee of the Association to 
have made the most significant contributions to 
dairy cattle nutrition during the past 3-yr. 
period, 
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During this time, the recipient has been senior 
author of seven journal articles and coauthor 
of four. He was author of six published ab- 
stracts and coauthor of four. Among his many 
contributions, the most noteworthy are his 
studies on calcium and phosphorus metabolism 
in cattle fed large doses of vitamin D for the 
prevention of milk fever, and his studies on 
early rumen function of the calf and the high 
roughage system of calf feeding. He has given 
special attention to rumen function and has 
used P*-tagged erythrocytes in measuring gas- 
trosplenic blood flow and volatile fatty acid 
absorption from the rumen. Other research he 
has done ineludes protein metabolism in the 
dairy cow, bloat, occurrence and alleviation of 
anemia in calves, and goitrogenie activity of 
legume silages. These are truly notable contri- 
butions in this short time. 









— 
Dr. Harry R. Conrad 


The recipient was born on a farm near Bur- 
lington, Kentucky, on October 3, 1925. He 
attended his state university, where in 1948 he 
was the outstanding male graduate and received 
the Sullivan Medallion in recognition of his 
attainment. 





Mr. R. E. Ward presenting the American Feed 
Manufacturers Award to Dr. Harry Russell Con- 
rad, with Dr. J. K. Loosli who read the citation. 
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In 1949, he received the Master of Science 
degree and in 1952 the Doctor of Philosophy 
degree in Dairy Science, both from The Ohio 
State University. He is a member of Alpha 
Zeta and Sigma Xi. Since completion of his 
doctorate, he has served as Assistant Professor 
on the staff of the Ohio Agricultural Experi- 
ment Station at Wooster, Ohio. 

On behalf of the selection committee and the 
Association, it is my pleasure to ask Dr. Harry 
Russell Conrad to come forward to receive 
the 1959 American Feed Manufacturers’ Award. 


Citation by Dr. G. H. Hartman for the 
Recipient of the Borden Award in 
Dairy Manufacturing for 1959 


The man selected to receive the Borden Award 
in Dairy Manufacturing was born in Maryland. 
He obtained the Bachelor’s and Master’s De- 
grees from the University of Maryland, and the 
Doctor’s Degree in 1940 from Cornell Univer- 
sity. For 6 yr. he was Assistant Chief Bae- 
teriologist at the National Dairy Research Lab- 
oratories. In 1947, he went into college work 
and is now a Professor of Dairy Bacteriology. 
He engaged in teaching and supervising 
vraduate student thesis research, and about half 
of his time is devoted to research in dairy bae- 
teriology. In addition, he has been a consultant 
to the Dairy Industry and to the U.S. Public 
Health Service. His most fundamental research 
contributions have been in the field of nutrition 
of bacteria, particularly on the application of 
growth stimulants for culture of microorgan- 
isms. Notable, too, is his work on the effects of 
lipasase activity and the products of lipolysis 
on microorganisms in milk, and work on basic 
time-temperature combinations for pasteuriza- 
tion. He also has made worthy contributions to 
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the development of standards for detergent- 
sanitizers for farm use. 

The recipient of the 1959 Borden Award in 
Dairy Manufacturing is a member of, and has 
held offices in, the Society of American Bae- 
teriologists, North Carolina Society of Bacteri- 
ologists, International Association of Milk and 
Food Sanitarians and, of course, the American 
Dairy Science Association. From 1951 to 1953 
he was Chairman of the Committee on Standard 
Plate Count, and since 1953 he has been an Edi- 
torial Board Member of the JoURNAL OF DAIRY 
SCIENCE. 

I am very pleased to name as recipient of the 
Borden Award in Dairy Manufacturing one 


who is well-known to this group, Dr. Marvin L. 
Speck, Professor of Dairy Bacteriology, North 
Carolina State College. 





o% 


Mr. W. N. Waterstreet of the Borden Company 
presenting the Borden Award in Dairy Manufac- 
turing to Dr. Marvin L. Speck, with Dr. G. H. 
Hartman, who read the citation. 


Citation by Dr. H. Ernest Bechtel for the 
Recipient of the Borden Award in 
Dairy Production for 1959 


This awardee was born July 6, 1919, near 
Columbus Grove, Ohio, and was raised on a 
dairy and livestock farm. After receiving his 
elementary and high-school training in his home 
community, he majored in animal science at 
The Ohio State University and received the 
B.S. degree in agriculture in 1941. He stayed 
on, however, as a graduate assistant and re- 
ceived the M.S. degree in 1942—after also hav- 
ing spent several months in establishing a vita- 
min research laboratory for the Division of 
Plant Industry of the Ohio Department of 
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Agriculture. After two more years as a grad- 
uate assistant in animal husbandry at Cornell 
University, he entered the Army in 1944 as a 
private, was commissioned a Second Lieutenant 
the following June, trained and served as a 
counter-intelligenece agent in Germany until 
July, 1946, and spent several months organizing 
and initiating an artificial breeding program 
for cattle in Austria before resuming graduate 
studies in early 1948. He majored in animal 
husbandry, with minors in animal nutrition 
and animal physiology, and received the Ph.D. 
degree at Cornell University in September, 1948. 
He has been on the University of [Illinois staff 
since that time in dairy cattle physiology—tirst 
as Assistant Professor, then as Associate Pro- 
fessor and, since 1955, as Professor. On campus, 
he is outstanding as a teacher of undergraduate 
and graduate students, and his classes are filled 
to capacity. He also is in demand here and 
abroad as a counselor and speaker, and has 
heen honored with special invitations from Aus- 
tria, Copenhagen, and London. Along with 
these accomplishments as a teacher and speaker, 
his work is characterized by continuing scholarly 
studies in his chosen field of bovine reproductive 
physiology. 

His studies on preserving spermatozoa at 
room temperature led to fundamental knowledge 
on the metabolie rates of spermatozoa as influ- 
enced by the partial pressure of carbon dioxide 
in the surrounding gas phase, with far-reaching 
implications already evident in the field of hu- 
man medicine, where the idea of carbon dioxide 
inhibition of cell metabolism provides the basis 
for a new theory on the etiology of cancer. 

Our Selection Committee is sincerely proud 
and satisfied to present Dr. Noland Leroy Van- 
Demark of the Department of Dairy Science at 
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Dr. Noland L. VanDemark 
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Mr. W. N. Waterstreet of the Borden Company, 
presenting the Borden Award in Dairy Production 
to Dr. Noland Leroy VanDemark, with J. F. Cava- 
naugh (center), who read the citation, and Dr. 
G. W. Salisbury. 


the University of Illinois as the 1959 recipient 
of the Borden Award in Dairy Production ct 
the American Dairy Science Association. 


Citation by Dr. B. H. Webb for the 
Recipient of the First Paul Lewis 
Award in Cheese Research in 1959 


The candidate for the first Paul Lewis Award 
in Cheese Research began life in what was then 
the country’s leading cheese-producing state, 
New York. fle received three degrees from 
Cornell University, but seeming to sense a 
shift in cheese production, he went west to 
continue to work in the nation’s largest cheese- 
producing state, Wisconsin. Here at the State 
University, for the last 31 vr., he has made out- 
standing contributions to cheese research and to 
teaching. Since this candidate received the 
Borden Award in Dairy Manufacturing from 
this Association within the last decade, research 
done only since then has been considered for 
the present Award. The work of the candidate 
has been of the highest caliber—voluminous, 
yet thorough. His studies on the milk used in 
cheese-making, its production, quality, and pas- 
teurization have provided a better raw material 
for modern cheese manufacture. Research on 
cheese-making, including standardization of the 
Cheddar-making process; on curing; and on 
analytical procedures, including spectrophoto- 
metric studies in ripening cheese, has furnished 
the scientific basis necessary to the production 
of high-quality cheese. Dariworld, an entirely 
new variety of cheese, and cheese foods made 
from it, were developed under his guidance. 
His leadership, his cooperation with associates, 
and his teaching of students have been out- 
standing. Now it is indeed a pleasure, on behalf 
of the Paul Lewis Award Selection Committee, 
to present the 1959 candidate for the first Paul 
Lewis Award, the dairy industry’s foremost 
authority on cheese, Dr. Walter Van Price. 
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Mr. Paul Halmbacher presenting the first Paul 
Lewis Award in cheese research to Dr. Walter Van 
Price, with Dr. B. H. Webb, who read the citation. 


Citation by Dr. D. V. Josephson for the 
Recipient of the American Dairy 
Science Association’s Award of 
Honor for 1959 


The member of the Association selected for 
this year’s Award of Honor may be considered 
as an elder statesman—one who has given a 
lifetime of service to the Dairy Industry as a 
university educator and administrator, and as 
a leader in industrial and civie affairs. The 
facets of this man’s attention have been many, 
and his noteworthy contributions have been 
unusually numerous. 

He is a native of lowa and received all of 
his degrees, including the doctorate, at lowa 
State College. For 37 yr., he has been asso- 
ciated with Montana State College, where he 
began as an Instructor in the Dairy Industry 
Department in 1922. He has held all of the 
academic ranks in the Department and for 27 
vr. served as Professor and Department Head. 
For 7 yr. during this period (from 1948 to 
1955) he served as Dean of the Graduate Divi- 
sion of the college. 
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In his responsibilities as staff member and 
administrator, the Award recipient contributed 
unusual strength to the Department through 
his teaching and, at one time or another, ac- 
cepted the challenge of teaching each of the 
courses in Dairy Manufacturing. In addition, 
he organized and administered the State Dairy 
Industry Short Course for 21 yr., carried on an 
extensive educational program through regular 
extension releases to the Industry on technical 
and management problems, and initiated and 
carried forward a progressive program for qual- 
ity improvement throughout the entire State of 
Montana. As a result of his many services, and 
because of his intimate knowledge of the various 
aspects of the Industry, his counsel has been 
sought by students, by faculty associates, and 
by industrial leaders. Although he has relin- 
quished administrative responsibilities, he con- 
tinues to serve the Montana State College and 
the State of Montana as Professor of Dairy 
Manufacturing. 

A principal basis of his selection for this 
year’s Award of Honor is his interest and par- 
ticipation in the activities of the American 
Dairy Science Association and the contributions 
he has made to its welfare. Until hampered by 
ill health, he was a regular attendant at the 
annual meetings. He served on the Executive 
Board in 1937 and 1938, was Vice-President in 
1945 and President in 1946. He has served one 
term or more in important positions in the 
Western Section of A.D.S.A. with chairman- 
ship in 1935 and 1936. He has exerted unusual 
influence in guiding the destiny of our Asso- 
ciation as a result of his counsel with others 
who, in succeeding years, held positions of high 
responsibility in the organization. 

This year’s recipient played a major role in 
organizing the American Dairy Association of 





Dr. John A. Nelson 








od 








OUR 





President K. L. Turk presenting the Award of 
Honor to Dr. John A. Nelson, with Dr. D. V. 
Josephson, who read the citation. 


Montana and, for many years, filled important 
functions as a member of its Executive and 
Research Committees. 

In civie work he has been an unusual foree 
for good, and has filled key leadership posi- 
tions in his church and as a member of the 
local Chamber of Commeree. He is married and 
has one son who is following in his father’s foot- 
steps in the field of Dairy Manutacturing. 

Therefore, because of his many years of dis- 
tinguished service to the entire Dairy Industry, 
and because of the numerous specific contribu- 
tions to the American Dairy Science Associa- 
tion, Dr. John A. Nelson of Montana has been 
selected as the 1959 recipient of the highest 
recognition of our Association—the Award ot 
Honor. President Turk, on behalf of the Honors 
Committee of the American Dairy Science Asso- 
ciation, it is a pleasure to present Dr. Nelson 


Graduate Student Scientific Paper 
Presentation 





President K. L. Turk presenting the American 
Dairy Science Scientific Paper Presentation Award 
for first place to J. B. Stone of Cornell Univer- 
sity, with Professor W. W. Snyder, who read the 
citation. 
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Professor W. W. Snyder, Chairman of the 
Student Afiiliate Committee, presented the first 
Graduate Student Scientific Paper Presentation 
Award of $100 and an appropriate certificate, 
donated by the Association, to J. B. Stone of 
Cornell University. This contest was conducted 
only in the Production Section. There were 
nine contestants. K. E. Ebner of the University 
of Illinois and E. W. Wickersham of Pennsyl- 
vania State University received Honorable Men- 
tion certificates. 


Student Affiliate Chapter Award for 1959 


Professor W. W. Snyder made the presenta- 
tion of $100 and a plaque, offered by the Asso- 
ciation, to Louisiana State University, the win- 
ner of this year’s Award. Eighteen chapters 
competed. Five received Certificates of Merit, 
seven “Ionorable Mention Certificates, and five 
Participation Certificates. 
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Left to right: Professor J. E. Johnston, Editor 
of the Student News Section of the Journal of 
Dairy Science, and Professor W. W. Snyder, Chair- 
man of Student Affiliate Membership, visiting with 
Wayne Register, representing the Louisiana State 
University Dairy Science Club, winner of the first 
place in activities competition. 


INSTALLATION OF OFFICERS 





Newly elected officers (left to right) are: A. C. 
Fay, President; R. E. Hodgson, Vice-President; 
F. J. Doan, Director; and G. H. Wise, Director. 
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President K. L. Turk installed the follow- 
ing officers: Dr. G. H. Wise and Dr. F. J. Doan, 
newly elected Directors; Dr. R. E. Hodgson, 
Vice-President; and Dr. A. C. Fay, President. 

Dr. Fay pinned a Past President’s ribbon on 
Dr. Turk and adjourned the meeting. 





President A. C. Fay pinning the Past-President’s 
badge on Dr. K. L. Turk. 


MINUTES OF MEETINGS OF THE 
EXECUTIVE BOARD FOR 1959 


The Executive Board met at beautiful Aller- 
ton Park for three days. Sub-committees of the 
Board met on Friday afternoon, June 12, to 
consider the various committee reports which 
had been prepared and sent to them in advance 
by Vice-President Fay. This made it possible 
for the Executive Board to act more effectively. 
Nevertheless, there was a large volume of busi- 
ness, and the Executive Board met all day Sat- 
urday and Sunday, including evenings, with 
brief meetings on Tuesday morning, June 16, 
and Wednesday morning, June 17. 


BOARD MEETING ACTIONS 


I. Minutes of 1958 Board Meeting. It was 
voted that the minutes of the 1958 meeting pre- 
sented by the Secretary be dispensed with. 

Il. Secretary’s report on interim matters, 
1958-59. Voted to confirm action of Board taken 
during the interim period. 

(1) Seeretary presented resolution from the 
National Dairy Council commending the Asso- 
ciation for its activities in the dairy industry. 

(2) $108 donated to the Dairy Remembrance 
Fund for purchase of a recruitment film “This 
Is the Dairy Industry” for some institutions 
not having funds to purchase same. 

(3) Article II, Section II of the By-Laws 
changed so that the new officers will now be 
nominated by January 1 instead of April 1. 


(4) Article IIIT of the By-Laws changed so 
that “honorary membership” becomes “award 
of honor.” An award of honor may be bestowed 
by the Association upon any person who has 
heen a member of the Association for not less 
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than 25 years and who has made a distinguished 
contribution to the Association. 

(5) Artiele IIT, Seetion IT of the By-Laws 
changed so that Life Membership may be 
cranted 

(a) To aetive members who retire after 
having belonged to the Association 
for 25 years or more, 

(b) To an active member who has paid 
membership dues, to include those 
of a student affiliate, for a least 40 
years. 


(6) Changes have been made in the Admini- 
strative Handbook by including: (a) the new 
nominating committee procedure; (b) the Paul 
Lewis Award rules; (¢) the membership com- 
mittee procedure. 

(7) The following have been elected to Life 
Membership: J. C. Knott, Pullman, Washing- 
ton; F. H. Herzer, State College, Mississippi; 
C. J. Schneider, Grand Ledge, Michigan; W. M. 
Regan, Davis, California; J. V. Quigley, Kan- 
sas City, Missouri; T. A. Baker, Newark, Dela- 
ware; and J. L. Hileman, Syracuse, New York. 

(8) Approved the establishment of Student 
Affiliate Chapters at the University of Maine 
and South Dakota State College. 

(9) Approved $100 cash award and plaque 
from Association funds for the most outstand- 
ing student chapter for 1959. Also approved 
$100 cash award from Association funds for 
winner of scientific paper presentation. 

(10) The following officers were elected for 
the year 1959-60: A. C. Fay, President; R. E. 
Hodgson, Vice-President; G. H. Wise and 
F. J. Doan, Directors. 


III. Election of life members. The following 
were elected to Life Membership: T. W. Gul- 
lickson, University of Minnesota; M. H. Camp- 
hell, University of Rhode Island; and P. 5. 
Lueas, Michigan State University. 

IV. Authorization of an assistant to the 
Treasurer to sign checks. Voted that Susan S. 
Hustis, who does secretarial work for Mr. Jud- 
kins, be authorized in any emergency to sign 
cheeks in payment of Association bills. 

V. Investment of reserve funds. Voted that 
the Secretary-Treasurer be authorized to invest 
up to $20,000 from current reserve funds of the 
Association in high-yielding, high-grade bonds. 

VI. Scientific article abstracts. Voted that 
we give H. F. Judkins and FE. O. Herreid a vote 
of confidence and appreciation for the manner 
in which they are handling the popular JouRNAL 
abstracts. 

VII. Method and time of collecting dues and 
granting membership cards. Voted that the 
Executive Board approve the procedure out- 
lined by the Secretary for the handling of dues, 
notices, membership cards, and dairy science 
abstracts (English) for 1960, 
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VIII. Travelling expenses to committee meet- 
ings. Voted that the Board eneourage an in- 
terim meeting during the 1959-60 year of the 
following committees, with the understanding 
of the committee members that expenses not 
approved by home institutions or companies will 
be paid by the Association. The committees are: 
Policy, Program, Journal Management, Eduea- 
tion, and Student Affiliate. 

It is further recommended that the President 
and Secretary be authorized to approve the 
travel expense for meetings of other committees 
within the limitations of the travel budget. 

IX. American Institute of Biological Sci- 
ences membership. Voted to discontinue mem- 
bership of A.D.S.A. in the American Institute 
of Biologica: Sciences. 

X. Acceptance of future award offers. Voted 
that the Board accept the awards offered by the 
following companies for 1960: National Dairy 
Products Corporation, The Borden Company, 
The DeLaval Separator Company, The Ameri- 
can Feed Manufacturers (also 1961 and 1962), 
and The Paul Lewis Laboratory for the year 
1960, and that the Seeretary be directed to 
extend the thanks of the Association and the 
Board to these companies and Associations for 
the continued interest in and support of our 
awards program; at the same time, explaining 
the competition involved in the selection of the 
winner. 

XI. Codifying of Board meeting minutes. 
Voted that the Se¢retary be instructed to ex- 
amine codification of Board Minutes to deter- 
mine those items in the Minutes which are no 
longer operating practices of the Association, 
and that these be referred to the Executive 
Board either by mail or at the next meeting so 
that appropriate Board action can be taken to 
bring the Code in conformity with the current 
practice. It is further moved that the corrected 
coded Minutes be made a part of the permanent 
administrative Handbook. 

XII. Future meeting dates. Voted that we 
accept the kind invitation of the University of 
Georgia to hold the meeting at that institution 
in the year 1964. The 1960 meeting will be held 
at Utah State University, June 19 through 22. 

XII. Publicity for annual meeting. Voted 
that the publicity committee, consisting of 
Messrs. Judkins, Herreid, and Herman explore 
the best methods for a complete publicity pro- 
gram of the Annual Meeting before, during, 
and after the meetings, and that a due date of 
January | be set for the report of this com- 
mittee by letter to the Exeeutive Board. 

XIV. Vecrology report, The passing of the 
following members has been reported to the 
Secretary since the 1958 meetings: N. N. Allen, 
Madison, Wisconsin; C. A. Altwegg, Escondido, 
California; R. L. Anderes, Kansas City, Mis- 
souri; A. E. Banks, Glendale, Arizona; L. S. 
Bauer, Columbus, Ohio; A. A. Borland, State 
College, Pennsylvania; P. M. Brandt, Corvallis, 


Oregon; K. V. Bryan, Lafayette, Indiana; 
L. R. Bryant, Guelph, Ontario, Canada; E. W. 
Cheng, Ames, Iowa; W. B. Combs, St. Paul, 
Minnesota; O. A. Jamison, San Antonio, Texas; 
W. H. Riddell, Burlinz;ton, Vermont; E. L. 
Willett, East Lansing, Michigan; and G. E. 
Gordon, Berkeley, California. 

XV. Award nominations study. Voted that 
the President appoint a committee to study and 
develop a plan for preparing dossier material 
for the several awards. 

XVI. Student branch of A.D.S.A. Voted 
approval of the establishment of a student 
branch of A.D.S.A. in aecordance with the Con- 
stitution and By-Laws presented by the Student 
Affiliate Committee of A.D.S.A. 

Voted that the Board take steps to amend the 
By-Laws to permit the amalgamation of all 
Student Affiliate Chapters into an A.D.S.A. 
student branch. Such steps to inelude a ballot 
to the members with the dues notices in October. 

Voted that the student branches be advised 
that their annual reports are due in the Seere- 
tary-Treasurer’s office no later than June 1 
ach year. 

XVII. Expenses of invited speakers. Voted 
that the Association defray the registration fees 
of invited nonmember speakers on the program 
on request of the host institution, but that the 
Association shall not be obligated for travel 
and/or subsistence for invited speakers. In 
exceptional cases, where outstanding speakers 
are necessary to the success of the program and 
expenses must be paid, prior approval to in- 
vite speakers shall be obtained from the Presi- 
dent and Seeretary-Treasurer acting for the 
Executive Board. It will be the duty of the see- 
tion program chairman to inform the host insti- 
tution of the registration arrangements for the 
guest speaker. 

XVIII. Election of Secretary-Treasurer. The 
Board voted to re-elect H. F. Judkins as See- 
retary-Treasurer of the American Dairy Science 
Association, with special thanks for his con- 
tinued devotion to the work of this Association 
and for the sound, aggressive, and business-like 
manner in which he has performed the many 
and varied duties of his office. 

XIX. Election of the Editor. The Board 
voted to re-elect E. O. Herreid to the posi- 
tion of Editor-in-Chief of the JouRNAL oF 
DatrY ScieNCE for 1960, with a special vote of 
confidence for the manner in which he is con- 
ducting the duties of his office. 

XX. Selection of Journal Management Com- 
mittee member. The Board selected J. F. Cava- 
naugh as a member of the Journal Management 
Committee, making the committee: J. T. Reid, 
1960 Chairman; F. J. Doan, 1961, J. F. Cava- 
naugh, 1962, E. O. Herreid, Ex Offieio, and 
H. F. Judkins, Ex Officio. 

XXI. Selection of Policy Committee. The 
Board appointed the following Policy Com- 
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mittee: Walter Price, Chairman 1960; Ira 
Gould, 1960, I. W. Rupel, 1961, L. A. Moore, 
1961, Floyd Arnold, 1962, J. Hoffman Erb, 
1962, H. F. Judkins, Ex Officio. 

XXII. Program Committee 
Chairman for 1959-1960. The Board selected 
N. L. Jacobson of Lowa State College. 

XXIII. Appointment of Historian. The 
Board appointed G. Malcolm Trout as Historian 
of the Association. 

XXIV. Resolution re: retiring members of 
the Board. Whereas, Elliott Parfitt and George 
Werner are completing their 3-yr. term of office 
on the Exeeutive Board and Donald V. Joseph- 
son is completing 6 yr. of service on the Execu- 
tive Board and, whereas, they have served their 
Association with distinction: Therefore, Be It 
Resolved that the remaining members of the 
Board extend their thanks to these colleagues 
and our regrets that they will no longer be with 
us 


Selection of 


XXV. Recognition of absent charter mem- 
bers. The Board voted the President should 
write to the absent charter members expressing 
the good wishes of the Board. 

XXVI. Liaison between Board and sections. 
The Board voted that the President should write 
the vice-chairman of each section to meet with 
the Board as observers, to develop liaison be- 
tween the Board and the sections. 

XXVIII. Graduate student paper presenta- 
tion. After listening to the very favorable com- 
ments of the Chairmen of the Student Affiliate 
Committee and the judges of the 1959 contest, 
the Board recommended that the contest be 
continued and expanded to include the Manu- 
facturing Section in 1960, the Student Affiliate 
Committee to work out the matter of Awards 
and donors. 

XXVIII. Affiliate chapter award program. 
The reports of the judges of this year’s Award 
were very favorable. It was suggested that the 
exhibits place more stress on the educational 
value of the work of the Student Chapter. 
After hearing the judges’ report, the Board 
voted that the Student Affiliate Chapter Award 
Program be continued and that the prizes 
awarded be made by the Association, the details 
being left to the Student Affiliate Committee. 

XXIX. Dairy manufacturing extension group. 
The Board voted to recommend that the Manu- 
facturing Section Program Committee give com- 
mittee status to a member of the Dairy Manu- 
facturing Extension Group, for the purpose of 
developing a subsection program on _ practical 
dairy manufacturing problems at the 1960 
meeting. 

XXX. Approval of important section actions 
by the Board. Voted that in advance of next 
vear’s meeting, the Secretary ask Section Chair- 
men to submit important questions on which 
they want Board action, so that they can be 
discussed and acted upon at Board meetings. 


DAIRY SCIENCE 


XXXI. Dairy Science Abstracts (English) 
for 1960. The Board voted to accept the offer 
of the Commonwealth Agricultural Bureaux 
for 1960 on the same basis that we have been 
working for 1959. 

XXXII. Tribute to President Turk. The 
Board voted to commend Past President Turk 
for the expeditious and wise manner with which 
he has handled the affairs of the Association 
during the past year and particularly for keep- 
ing the Board within bounds. 


COMMITTEE REPORTS 


The Board took action as follows: 

I. Association Policy Committee. The Board 
accepted the report of the Policy Committee, 
with the following recommended actions on the 
eight points outlined in the Policy Committee 
report: 

(1) Dairy economies and management section 

Approve the idea of encouraging the member- 
ship of people working in the fields of dairy 
economics, dairy marketing and management 
and their participation in Association activities 
and programs. Approve the formation of a 
special committee to study the possible estab- 
lishment of a Dairy Economies section. It is 
recommended that the committee request uni- 
versity dairy department heads and others to 
contact the agriculture economies people in their 
areas to determine interest and report their 
findings to the Board. 


(2) The Awards ceremony 
We see no urgent need for changing our 
present policy of awards presentations. 


(3) A distinguished service award 

Recommend the approval of the idea of 
initiating the A.D.S.A. Distinguished Service 
Award, with the stipulation that it be limited 
to one or more (rather than one to five) and 
that the recipients be limited to those engaged 
in commercial work, public welfare, and regu- 
latory activities relating to the dairy industry 
and who may or may not be members of this 
Association. A committee shall be appointed by 
the President in accordance with the procedure 
outlined in the report. This committee will 
report back to the Board at the 1960 annual 
meeting. 


(4) Achievement award for graduate study 

In view of the similar objectives outlined for 
the Graduate Achievement Award and our pres- 
ent (experimental) Scientific Paper Presenta- 
tion Award, it is the recommendation of the 
Board that we await the results of our present 
program before considering the adoption of 
another or additional graduate student award 
plan. It is suggested that the present pilot 
program might be converted into a combined 
plan supported by outside Award funds. 
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(5) Young men of the year 

While the Board agrees in principle with the 
idea of developing leadership from among the 
younger members of the Association, it is our 
judgment that the suggested method of imple- 
mentation would be burdensome, frequently 
embarrassing to the member or to the Associa- 
tion, and might complicate the affairs of the 
Sections. It is felt that our objectives can be 
accomplished by careful selection of appointees 
to committees and other assignments. 


(6) Deadline for presentation of abstracts of 
papers for the annual meeting 

The Board moved to accept the report that 
deals with the preparation and handling of 
abstracts of papers presented at the Annual 
Meeting. It is reeommended that the report be 
referred to the Journal Management Committee 
for immediate study and for recommendations 
hack to the Board by September 1, 1959. 


(7) Association reorganization 

The Board feels that the present administra- 
tive organization is adequate to implement our 
present scope of program and that the sug- 
vested reorganization seems unnecesary under 
present conditions. 


(8) A popular journal 

The Board moved to accept the recommenda- 
tion of the Policy Committee concerning the 
possibility of publishing a new popular journal 
or expanding the popular section of our present 
Journal, and which suggests that the Executive 
Board initiate a further study of the problem 
and its implieations. The Board directs the 
President to appoint a committee of three, plus 
the Secretary-Treasurer and Editor-in-Chief as 
Ex Officio members, to study the matter thor- 
oughly and report back to the Board at the 
next annual meeting. 

The Board moved that the Policy Committee 
he especially commended for its fine work of 
the past year. 

Il. Journal Management Committee. The 
Board approved the report of the Journal Man- 
agement Committee. 

The committee recommended that titles and 
abstracts of papers for the annual meeting be 
submitted to the Chairman of the Program Com- 
mittee by Mareh 1. It was further recommended 
that titles and abstracts be published, officially, 
in the June instead of the May JournaL. It 
was assumed that the host institution would 
publish the program the same as had been done 
In past years. 

It was recommended that the eall for papers 
for the annual meeting appear in the September 
instead of the November JouRNAL, and that a 
reminder of this call appear in succeeding 
JOURNALS through February. 

III. Report of the Editor. The Board ae- 
cepted the report of the Editor-in-Chief, with 


special commendation for his continued efforts 
to improve the scope and quality of the Jour- 
NAL OF DAIRY SCIENCE. 

IV. Report of the Secretary-Treasurer. The 
Board voted to accept the report of the Seere- 
tary-Treasurer, the important items of which 
are as follows: 


FINANCIAL 
Income $84,561.52 
Expenses 80,289.79 
ARO ks hae es EO Ge 4,271.73 


STATISTICS ON MEMBERS AND SUBSCRIBERS 
AS OF JUNE 12, 1959 

(1) Number of 1959 members — 2,558, of 
which 2,180 are renewals and 378 are new. This 
compares with 2,457 members for the entire 
vear 1958. 

(2) Number of 1958 members who failed to 
renew—296, as against 378 new members ob- 
tained. 

(3) Number of 1959 members deceased—15. 

(4) Number of 1959 Student Affiliate mem- 
hers—691, as compared to 617 for 1958. The 
rather marked increase in total number has 
come from the four-year college classes. 

(5) Of the 691 Affiliate Members for 1959, 
289 are renewals and 402 are new ones. 

(6) Number of 1959 JouRNAL or Dairy Sci- 
ENCE subscribers is 1,547. 

(7) Total cireulation of the JouRNAL oF 
DatrY Science for May, 1959, is 4,830. 


The Board voted: 

(1) That advertising rates be increased by 
20%, effective at the expiration of present con- 
tracts. 

2) That a plan be worked out between the 
Secretary-Treasurer and the Editor to bring 
certain papers to the attention of selected in- 
dustry representatives and associations, with 
the suggestion that they purchase and distribute 
reprints to their customers or members. 

(3) That, at appropriate intervals, consider- 
ation be given to including a special sheet in the 
JOURNAL to (a) promote response to advertis- 
ing; (b) facilitate the ordering of reprints, and 
(¢) facilitate the ordering of the new Plant 
Traiming Manual. 


V. Budget for 1959-60, The Board approved 
a budget for 1960 totalling $94,223.00. 


VI. Auditing. The Board approved the re- 
port of the Auditing Committee, which indi- 
cated a balance of $4,271.73 for 1958 and a 
present net worth of $39,752.55, 


VII. Dairy Industry Plant Training Manual. 
The Board moved the acceptance of the report 
of the Plant Training Manual Committee, with 
the recommendation that the Secretary-Treas- 
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urer be authorized to proceed with arrange- 
ments with the Garrard Press for printing and 
distributing the manual in book form. It is 
recommended that the sale price of the book 
be set at about $4 postpaid, and that the proj- 
ect be temporarily financed from cash reserves 
in the Association treasury. It is further recom- 
mended that the Committee now be discharged, 
with a special commendation from the President 
on behalf of the Board for a job well done. 

VIII. Public Health. The Board accepted 
the report and commended the Public Health 
Committee and especially the four subcommit- 
tees that have reported this year for their dili- 
gence and for their excellent reports. 

We recommend the publication in the Jour- 
NAL OF Dairy Scrence of the reports of the 
subcommittees on Animal Disease Control, L. 
A. Black and W. D. Pounden, and on the For- 
eign Substances in Milk and Milk Produets, L. 
L. Ramsey. We suggest that Mr. Ramsey be 
requested to condense his report where possible 
and that he add in the last paragraph on page 
12 foliowing the “U.S. Department of Agricul- 
ture” the words “especially the Agricultural 
Extension Service.” 

Because of recent publications of articles 
covering essentially the same material as that 
presented by the subcommittee on Antibiotics, 
R. B. Parker and W. A. Krienke, and by the 
subcommittee on Radiation, E. B. Kellogg and 
W. C. Parkinson, we do not recommend that 
these reports be published in the JOURNAL OF 
Darry SCIENCE. 

[X. Membership. The Board accepted the re- 
port and commended the Membership Commit- 
tee and Secretary-Treasurer Judkins for achiev- 
ing and passing their goal of 2,500. We urge 
that their recommendations as presented in the 
report be adopted. The organization, with the 
cooperation of H. F'. Judkins, is a most effee- 
tive one. 

X. Education. The Board accepted the re- 
port and commended the Education Committee 
for their continuation of programs of broad in- 
terest, and urged that their recommendation for 
a program period that would not compete with 
other programs be granted. 

XI. Dairy Remembrance Fund. The Board 
expressed their appreciation to the Dairy Re- 
membranee Fund for their support of educa- 
tional and scientific endeavors in dairy science. 
We commend the committee on their liaison and 
for keeping A.D.S.A. informed. 

XIT. National Research Council. The Board 
accepted the report and commended Dr. W. E. 
Krauss for long and effective representation of 
the A.D.S.A. to the National Research Council. 
The present is an excellent report. 

Dr. Krauss is to be congratulated on his po- 
sition as Chairman of the Agricultural Board 
of the Division of Biology and Agriculture. 

This subcommittee recommends that A.D.S.A. 
express its support of the position of the Ex- 





ecutive Committee of the Division with respeet 
to the breadth of interest with which the Di- 
vision should concern itself. 

The Board approves the publication in the 
JOURNAL of the report of the representative to 
the National Research Council after it is re- 
edited by the author. 

XIII. Resolutions Committee. The report of 
the Resolutions Committee was approved. 


Report of the American Dairy Science 
Association Resolutions Committee 


Your Resolutions Committee, after consider- 
ing the various suggestions made by committees 
and sections of American Dairy Science Asso- 
ciation, plus those received from the heads of 
dairy departments of colleges and universities, 
wishes to submit the following resolutions which 
have been approved by the Board of Directors: 

RESOLVED, that the American Dairy Sei- 
ence Association extend its sincerest apprecia- 
tion to the staff of the University of Illinois 
and to the personnel of other agencies in IIli- 
nois for contributing so much toward the sue- 
cess of this the 54th annual meeting of the 
Association. Our special thanks go to the mem- 
hers of the departments concerned, and their 
families, for the fine hospitality they have 
shown us during our stay here. 

RESOLVED, that the American Dairy Sei- 
ence Association extend its appreciation to the 
Borden Company, the American Feed Manu- 
facturers’ Association, the DeLaval Separator 
Company, to the Milk Industry Foundation, the 
National Dairy Products Corporation, and The 
Paul Lewis Laboratories for the generous 
awards given annually to members of this Asso- 
ciation, in recognition for outstanding work per- 
formed in the fields of research, college teaching, 
and extension. These are wonderful examples of 
industry cooperating with those engaged in re- 
search and educational endeavors, in an effort 
to increase the contributions of dairy science to 
the welfare of mankind. 

WHEREAS, the American Dairy Science 
Association is holding its annual meeting on 
the campus where this Association was founded 
in 1906 under the leadership of Professor Wil- 
bur J. Fraser, therefore it is 

RESOLVED, that we express our continued 
appreciation for his farsighted action; and it 
is further 

RESOLVED, that a copy of this resolution 
be sent to Mrs. W. J. Fraser. 

WHEREAS, a review of the literature on 
the subject reveals how limited our knowledge 
is on the biological effects of low-level radio- 
nuclides, therefore it is 

RESOLVED, that the American Dairy Sei- 
ence Association support efforts to continue and 
expand intensive research in the four fields 
listed below: 
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(1) Coordinated studies on the occurrence of 
strontium”? in all basic components of the diet. 

(2) Development of methods of preventing 
or limiting strontium®® from entering the food 
supplies of animals and man. 

(3) Investigation of techniques for the re- 
moval of strontium??? and other radionuclides 
in foods. 

(4) Development of basic information on 
the mode of action of low levels of radio- 
nuclides, including studies to determine if the 
relationship between dose and effeet is linear 
at all levels of exposure, or if there is a thresh- 
old of exposure below which there is no effect; 
and 

WHEREAS, the projects outlined above are 
beyond the means of any one interested group, 
therefore it is 

RESOLVED, that the American Dairy Sci- 
ence Association urges that federal and state 
governments, and the food and related indus- 
tries, assist in providing the leadership and 
funds necessary to develop the facts needed in 
the best interests of public health. 

WHEREAS, there is a critical need for a 
strong educational program on the proper use 
of pesticides, herbicides, antibiotics, drugs, and 
food additives, in order to assure a continued 
safe and pure supply of milk and milk prod- 
ucts, therefore it is 

RESOLVED, that the American Dairy Sci- 
ence Association through its committee on pub- 
lic health join forces in a comprehensive educa- 
tional program with the Food and Drug Ad- 
ministration, the U. S. Department of Agricul- 
ture, the Agricultural Colleges and Extension 
Services, the U. S. Public Health Service, state 
and local regulatory agencies, national farm 
organizations, and national industry organiza- 
tions. 

WHEREAS, the bacteriological examination 
is an integral part of the sanitary and quality 
control of dairy products, and 

WHEREAS, there has been formed an ad 
hoe committee of interested bacteriologists rep- 
resenting various professional societies to estab- 
lish an independent certifying commission 
which will be charged with the responsibility 
of insuring constant growth-promoting quali- 
ties of certain bacteriological media which may 
be manufactured by any media manufacturer, 
therefore it is 

RESOLVED, that the American Dairy Sei- 
ence Association endorse the principle involved 
in the certification of bacteriological media to 
insure constant growth-promoting qualities of 
these media and, furthermore, it is 


RESOLVED, that the American Dairy Sei- 
ence Association encourage the formation of an 
independent certifying commission consisting of 
professionally qualified scientists, who will rec- 
ommend constant growth-promoting  bacteri- 


ological media for the examination of milk 
products. 

RESOLVED, that the American Dairy Sei- 
ence Association again strongly urge that in- 
creased support be given to the Dairy Hus- 
bandry Research Branch of the USDA, in aid- 
ing the production-testing and sire-proving pro- 
grams under way in this nation. 

Respectfully submitted, 
C. H. Parsons 
B. L. HERRINGTON 
R. B. Maxy 
J. T. MILEs 
R. E. LeigHron 


XIV. Historian. The Board accepted the re- 
port and commended Dr. G. M. Trout for his 
work as Historian, and particularly for the re- 
cent codification of the affairs of the Associa- 
tion. We also commend Secretary Judkins for 
indexing the Code and putting it in a more 
useful form. 

XV. 3-A Standards. The Board accepted the 
report and commended this committee for rep- 
resentation of A.D.S.A. to the 3A Standards 
Committee and for keeping the Association in- 
formed. We support the suggestion for con- 
tinuity of personnel on this Committee. We 
recommend that all of these committees (see 
typed assignment) be continued without change 
of assignment. 

XVI. Pasture and range management. The 
Board accepted tie report and commended this 
committee for their activities in assisting with 
the revision of the report “Pasture and Range 
Research Techniques.” We recommend the 
Committee be continued until the completion of 
this task. 

XVII. Quality standards for production of 
manufacturing milk. The Board recommends 
the acceptance of the report and thanked the 
committee for their participation. Inasmuch as 
the work of the committee apparently is com- 
pleted, the committee is discharged. 

XVIII. Program Committee. The Board ac- 
cepted the Program Committee report with 
commendation. 

The Board feels they should not initiate ac- 
tion on dates of the month of June or the days 
of the week for holding the A.D.S.A. meeting 
but that, rather, these should be decided at the 
convenience of the host institution and ap- 
proved by the Board. Since much of the success 
of the program is due to thorough prior plan- 
ning of the Program Committee, the Board rec- 
ommends continued use of a Program Time 
Table. The portion of the Program Time Table 
of interest to A.D.S.A. members should be con- 
sidered by the Journal Management Committee 
for possible publication in the JouRNAL, to 
facilitate total program planning. If this infor- 
mation is to be published, the General Program 
Chairman should prepare av appropriate ar- 
ticle for the JOURNAL. 
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XIX. Student Affiliate Committee report. 
The Board recommends approval of the Stu- 
dent Affiliate Committee reports. The Board 
commends the work of the committee members 
and appreciates the cooperation of Secretary 
Judkins, who assisted in accomplishing an 18% 
increase in Student Affiliate members this past 
year. The Board anticipates receiving the re- 
port for next year pertaining to the establish- 
ment of a Student Branch of A.D.S.A. 

XX. Dairy-wide committee on nutrition re- 
search. The Board approved the report of the 
A.D.S.A. representative to the Dairy-wide Co- 
ordinating Committee on Nutrition Research. 
The Board commends the work of Dr. K. G. 
Weckel for his excellent participation on this 
committee. Since the work of the Nutrition Re- 
search Committee has been discontinued, the 
Board need not appoint a representative to the 
Dairy-wide Coordinating Committee on Nutri- 
tion Research. 

XXII. American Association for the Advance- 
ment of Science. The Board approved the re- 
port of the representative of A.D.S.A. to 
A.A.A.S. The Board recommends continued 
representation to A.A.A.S. Furthermore, the 
Board commends Dr. R. E. Hodgson for leader- 
ship in initiating the program “Germ Plasm 
Resources in Agriculture: Development and 
Protection” to be held December 19, 1959. If 
appropriate, the Board recommends to the 
Journal Management Committee that the pa- 
pers of the program relevant to the dairy in- 
dustry be published in the JouRNAL oF Datry 
SCIENCE. 

XXII. Purina fellowships. The Board eon- 
gratulates the committee on the men selected to 
receive this fellowship. The Board commends 
the Ralston Purina Company for their finan- 
cial support in the encouragement of capable 
students to continue their education for the 
furtherance of themselves and their contribu- 
tion to the dairy industry. The Board appre- 
ciates the efforts of Professor J. B. Frye in se- 
lection of the best possible recipients to repre- 
sent the dairy industry. 

XXIII. U.S. Livestock Sanitary Association. 
The Board approved the report of the A.D.S.A. 
representative to the United States Livestock 
Sanitary Association. The Board commends 
the action of the Legislative Committee of the 
United States Livestock Sanitary Association in 
seeking increased funds for the detection and 
control of disease. Research and education con- 
cerning tuberculosis in cattle should receive spe- 
cial consideration. The Board recommends that 
this excellent report by Professor C. G. Bradt 
be summarized for the portions relevant to 
cattle, and that it be published in the JouRNAL 
or Dairy SCIENCE. 

XXIV. National Association of Artificial 
Breeders. The Board approved the report of 
the representative of A.D.S.A. to N.A.A.B. The 
Board encourages continued active financial 
support of N.A.A.B. for research in dairy cattle 
breeding. The Board recommends that the Pro- 
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duction Section and the Extension Section con- 
sider taking action on the resolutions proposed 
for adoption by N.A.A.B. at their Eleventh 
Annual Convention. 

XXV. American Institute of Biological Sci- 
ence. The Board accepted the report of the 
A.D.S.A. representative to the American Insti- 
tute of Biological Science. Mr. D. L. Hill is to 
be commended for his participation on the com- 
mittee. The Board recommends that the 
A.D.S.A. not continue as an affiliate member of 
American Institute of Biological Sciences. 

XXVI. Inter-society cooperation. The Board 
approved the report of the A.D.S.A. represen- 
tative to the Policy Committee of Scientific Ag- 
ricultural Societies. The Board recommends 
that A.D.S.A. no longer participate in the ac- 
tivities of the Policy Committee of Scientific 
Agricultural Societies. Furthermore, the Board 
requests the President of A.D.S.A. to write to 
Dr. W. H. Gorman of the Policy Committee, 
1700 K Street, N. W., Washington, D.C., and 
notify him of the Board’s action. The Board 
commends Dr. L. A. Moore for his excellent 
work on this committee. 

XXVIII. Dairy Industry Training Committee. 
The Board approved the report of the A.D.S.A. 
liaison representative to the Subcommittee on 
Education and Training of the Dairy Industry 
Committee. Since this subcommittee has been 
inactive this past year, the Board recommends 
that an A.D.S.A. representative not be ap- 
pointed for 1959-50. Furthermore, the Board 
expresses sincere appreciation for the interest 
and work of Professor H. B. Henderson in 
serving as the A.D.S.A. representative. 

XXVIII. International Dairy Congress. It 
was voted that the Board approve the report of 
the special committee on the International Dairy 
Science Congress. This report recommends the 
cancellation of plans for an_ International 
Dairy Science Congress in 1962, because of the 
plans already formalized for a meeting in Den- 
mark in 1962. It was further voted that the 
committee be discharged, with thanks for a job 
well done. It was voted that the Board appoint 
a special representative of the Association to 
coordinate the activities between A.D.S.A., 
USDA, the Land Grant College Association, the 
University of Maryland, industry groups, and 
others who may be cooperating in the USDA 
and Land Grant College Centennial features of 
the 1962 meeting. 

In view of the fact that preliminary plans 
for holding the International Dairy Congress 
in the United States in 1962 have been cancelled 
in favor of the prior invitation from Denmark, 
it is recommended by the Board of the Amer- 
ican Dairy Science Association that preliminary 
steps be taken to obtain the necessary support 
for a similar Congress to be held in the United 
States in 1965, and that Dr. Ralph Hodgson 
and other members of the A.D.S.A. attending 
the 1959 International Dairy Congress be au- 
thorized to explore the possibilities for holding 
such a Congress in the United States. 
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REGISTRATION DATA 
Total number registered 


Men 

Members 762 
Affiliate 190 
Nonmembers LOO 
Others 4 
1,056 
Women 254 
Children 222 
Total 1,532 

Number of men registering 
from universities 751 
Other male registrants 305 


Kighty per cent of those attending preregis- 
tered. 

The following foreign countries were repre- 
sented: Australia, Canada, Chile, Colombia, 
England, Greece, Japan, Philippines, and 
Sweden. 


REPORT OF THE MANUFACTURING 
SECTION 


The manufacturing section held two business 
meetings on Monday, June 15, 1959, Chairman 
Bb. H. Webb presiding. The following officers 
were designated by election to serve for 1959- 
60: S. Patton, Chairman (Pennsylvania); B. 
Heinemann, Vice-Chairman (Missouri); and 
M. L. Speck, Secretary (North Carolina). 

The report of the Nominating Committee 
was presented by S. T. Coulter. J. M. Jensen 
presented a report on the 3-A Sanitary Stand- 
ards Committee. 

B. L. Herrington reported for the Resolu- 
tions Committee. At his request, M. L. Speck 
reviewed the need for certification of bae- 
teriological media. He moved a resolution be 
adopted that the American Dairy Science As- 
sociation endorse the principle of certifying 
bacteriological media to insure that they have 
constant growth-promoting qualities, and that 
the American Dairy Science Association en- 
courage the appointment of an independent 
certifying commission of qualified scientists, 
who would recommend media of constant 
growth-promoting qualities for the examina- 
tion of milk products. The motion was passed 
unanimously. 

G. M. Trout reported on the very active com- 
mittee of Judging Dairy Products which pub- 
lished four papers in the JouRNAL OF Dairy 
ScIENCE during the past year. This report was 
accepted and the committee was continued. 

C. Harper reported for the Committee on 
Butter and recommended that a final draft for 
the definition of butter be drawn up to be pre- 
sented at the next annual meeting. It was also 
suggested that the recommendations of the 
1958 committee be activated. The report of 


the committee was accepted and the committee 
was continued. 

L. W. Aurand reported for the Committee 
on Curd Tension. The Committee recom- 
mended that the Cherry-Burrell Curd Meter 
be approved for use in the Official Curd Ten- 
sion Method. The committee reported wide 
interlaboratory variations in results obtained 
on identical samples. It was, therefore, ree- 
ommended that the committee be discontinued 
until such a time as basie work had been done 
on the method. The report of the committee 
was accepted. 

J. R. Brunner reported for the Committee 
on Milk Protein Nomenclature, stating that 
there was no absolute agreement among the 
members of the committee concerning methods 
of measuring the boundary in electrophoretic 
measurements. The Committee also recom- 
mended continuation of the policy previously 
adopted by this section, relative to the sched- 
uling of two or three invited papers as part of 
the milk protein symposium. The report of 
the Committee was accepted and the Commit- 
tee continued. 

B. M. Zakariasen reported for the Commit- 
tee on the Development of a Score-Card for 
Dry Milk Products. Such a score-card was pre- 
pared and accepted by the section. The Com- 
mittee considered its work completed and was 
discharged. 

It was moved, seconded, and passed that a 
new committee be appointed to devise a score- 
card for sterile and concentrated milks. 

Respectfully submitted, 
Byron H. Wess, Chairman 
Sruart Parron, Vice-Chairman 
B. HEINEMANN, Secretary 


REPORT OF THE PRODUCTION SECTION 


The Production Section business meeting 
was held June 15, with Chairman N. L. Jacob- 
son presiding. Minutes of the preceding meet- 
ing were read and approved. 

Officers elected for 1959-60 were: Chairman, 
G. W. Trimberger (New York); Vice-chair- 
man, S. D. Musgrave (Oklahoma); and Secre- 
tary, J. C. Thompson (Missouri). 

The Dairy Cattle Judging Committee re- 
ported a need in method of presentation of 
awards at the National Contest. A means of 
recognizing individual, team, and _ breed 
awards was presented. The Committee recom- 
mended that discussion and action on the re- 
quest of the American Milking Shorthorn So- 
ciety, to be ineluded in the 1959 and subse- 
quent contests, be delayed until the coaches’ 
meeting prior to the 1959 Waterloo contest. 
The report was adopted as presented. 

The report of the Resolutions Committee, 
expressing appreciation to the Section officers 
and to the staff members of the Dairy Science 
Department of the University of Illinois, for 
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respective contributions to the success of the 
program, was adopted. 

A joint meeting of the Production and Ex- 
tension Sections was held at 5 p.m., June 15. 
The report of the Breeds Relations Committee 
was presented and adopted. The recommenda- 
tion was made that the responsibilities of the 
committee be reviewed and revised. This was 
formalized in a motion by Becker that the See- 
tion officers of the Production and Extension 
Sections review the objectives and responsibili- 
ties of this committee and that any action taken 
should be channeled through the Executive 
Board. The motion was seconded and carried. 

The report of the Dairy Cattle Breeding Com- 
mittee was adopted as presented. It was recom- 
mended that the solids-not-fat special committee 
continue its work. Combination of natural and 
artificial service daughters’ production records 
into a single proof was not condoned. The 
number of herds involved in the proof of a 
sire should be published by the Agricultural 
Research Service, USDA. Also, if the only 
record of a cow was less than 305 days, because 
of abortion, then it should be extended and used 
in the sire proof. 

The report of the Type Committee was 
adopted as presented. The recommendation was 
made that the maximum age of show bulls be 
the 2-yr.-old class. 

The report of the Dairy Cattle Health Com- 
mittee was adopted as presented. It was recom- 
mended that antibiotics not be used in the ration 
of the milking cow for purposes of disease con- 
trol or stimulation of milk production. Minutes 
of a Joint Committee on Dairy Cattle Health 
of A.D.S.A. and A.V.M.A. were appended. 

[It was moved by Reaves, seconded, and car- 
ried that the officers of the Production and Ex- 
tension Sections serve as a committee to review 
the responsibilities of all standing committees 
of the Production and Extension Sections and 
recommend appropriate action to the Board of 
Directors. 

Respectfully submitted, 

N. L. Jacosson, Chairman 

G. W. TrimBerGer, Vice-Chairman 
S. D. Musarave, Secretary 


RESOLUTIONS REPORT FOR THE 
PRODUCTION SECTION OF THE 
A.D.S8.A., 1959 


(1) RESOLVED, that in recognition of the 
splendid work of our section officers, Chairman 
Jacobson, Vice-Chairman Trimberger, and See- 
retary Musgrave, who have organized a well- 
balanced and informative program for our 54th 
annual meeting; we, the members of the Pro- 
duction Section, express our sincere apprecia- 
tion for a job well done. In addition, we recog- 
nize that much of the work of the Production 
Section is done by its committees and take this 
opportunity to express our appreciation to the 
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members of these committees for the fine work 
they have done. 


(2) RESOLVED, that the Production See- 
tion of A.D.S.A. extend its sincerest apprecia- 
tion to the staff of the University of Illinois and 
to the personnel of other agencies in Illinois 
for contributing so much toward the suecess of 
this 54th annual meeting of the Association. 
Our special thanks go to the members of the 
Department of Dairy Science and their fam- 
ilies for the fine hospitality they have shown 
us during our stay here. 

Respectfully submitted by: 
THe RESOLUTIONS COMMITTEE 
C. L. Norton 
R. E. MarHer 
J. T. Mites, Chairman 


REPORT OF THE EXTENSION SECTION 


The business meeting was held June 15, 1959, 
with Chairman L. A. Johnson presiding. Offi- 
cers elected for 1959-60 were: Chairman, C. W. 
Nibler (Nebraska); Vice-Chairman, Marvin E. 
Senger (North Carolina) ; and Secretary, W. R. 
Van Sant (Arizona). Tribute was expressed on 
behalf of the passing of fellow extension work- 
ers, Frank Fitch, Leonard Trunnel, and G. E. 
Gordon, during the past year. 

The following committee reports were pre- 
sented and accepted: 

Dairy records. A record program to be known 
as Dairy Herd Improvement Registry (DHIR) 
was approved. This program was developed 
through the joint efforts of the Records Com- 
mittee, the Breed Relations Committee, and the 
PDCA Testing Committee. It provides for the 
acceptance of machine-processed DHIA ree- 
ords by Breed Registry Associations for use in 
their breed improvement programs similar to 
HIR records. Uniform herd-book covers for 
DHIA, owner-sampler, and WADAM records 
were adopted. Uniform lactation and yearly 
herd reports were recommended for reporting 
data to Dairy Herd Improvement Section, ARS, 
USDA, by dairy record processing centers. A 
national testing year for summarizing data was 
recommended. 

A demonstration and report of studies made 
on the TeSa butterfat test were given. Follow- 
ing previous action of this Section, the commit- 
tee recommended that all data be presented to 
the Association of Official Agricultural Chem- 
ists for further evaluation and specific approval 
of this test for use in production testing. It is 
recommended that greater emphasis be given to 
field checking of automatic weighing and sam- 
pling devices now in use. 

Greater uniformity in the use of a standard 
ear-tag for cow identification in DHIA, arti- 
ficial breeding, and disease control is being en- 
couraged. A system of sealed neck-chains or 
straps is being developed for more practical 
identification by testers within herds. 
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Several changes in the rules were recom- 
mended in keeping with the late developments 
in the testing program, A suggested representa- 
tion for this committee was given. An amend- 
ment was passed to add the chairman of the 
PDCA Testing Committee as a member of the 
Dairy Records Committee. 

{-H Clubs. Establishment of a score-card for 
use in judging dairy heifers was recommended. 
Also, that more attention and training be given 
the group system of judging often used at 4-H 
shows at PDCA-sponsored judging schools. 
Recommendations were given pertaining to 
premium schedules for use in 4-H dairy shows. 
Papers were recommended and presented on the 
feeding and management of dairy calves and 
heifers. 

Teaching methods. Eleven states presented 
exhibits on effective ways and methods of ex- 
tension teaching used in their respective pro- 
evrams. A paper was, presented on good, bad, 
and indifferent visuals for extension teaching. 

Resolutions. No resolutions were presented 
by this committee. 


New business consisted of a proposal to dis- 
solve the Breed Relations Committee, a joint 
committee with the Production Section. It was 
moved and passed that the officers of the Ex- 
tension and Production Sections serve as a com- 
inittee or appoint a committee to study the du- 
ties and responsibilities of all joint committees 
and eliminate or reassign duties as may be ap- 
propriate. This motion was accepted in the joint 
business meeting, amending it to include all 
standing committees. 

Twelve papers were presented in the general 
areas of production testing, feeding levels as 
related to growth and production and automa- 
tion in dairy cattle feeding and milking. Ab- 
stracts of papers have been published and copies 
have been distributed to all extension dairymen. 

Respectfully submitted, 
L. A. JoHNsoN, Chairman 
C. W. Nrpuer, Vice-Chairman 
MARVIN SENGER, Secretary 
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PRICE SCHEDULE FOR REPRINTS OF PAPERS 


THAT APPEAR 


IN THE JOURNAL OF DAIRY SCIENCE 


H. F. JUDKINS, Secretary-Treasurer 
32 Ridgeway Circle 
White Plains, New York 


Frequent inquiries are received for prices of reprints from organizations in 


the dairy industry and from those serving the industry in technology and in 


production. For this reason it was decided to publish the latest American Dairy 


Science Association price schedule for reprints of papers that appear in the 


Journal of Dairy Science. It is hoped that this price schedule will make it easier 


for interested people to obtain reprints in any number desired and at the same 


time aid in disseminating useful information to the entire dairy industry and 


to its related industries. The schedule is as follows: 


No. of 
Reprints 2pp. tpp. Spp. 12pp. l6pp. 20pp. 
50 $ 14 $ 16 - 29 > 1 $ 54 $ 63 
100 16 18 33 49 62 74 
200 18 23 41 61 78 O4 
300 2] 27 50 73 94 115 
100 24 32 58 86 110 136 
500 27 36 67 98 126 156 
600 30 +] 7d 110 142 177 
700 33 15 84 123 158 197 
800 36 50 92 135 175 218 
900 39 54 101 148 19] 239 
LOOO +] 59 109 160 207 259 


If desired with covers: 50 covers $9.75; each additional 


24pp. 28pp. 32pp. 
$ 78 $ 92 $100 
90 106 116 
115 135 148 
159 164 181 
164 193 213 
189 222 245 
213 251 ae 
2358 280 310 
2638 309 342 
87 338 374 
12 367 406 


100 covers $7.00. 


Contact the Secretary-Treasurer for prices on more than 1,000 reprints, or papers 


containing more than 32 pages. Mail order promptly to: 


GARRARD PRESS 
510 North Hickory Street 


Champaign, Illinois 
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